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EXECUTIVE SUMMARY

A two-phased Remedial Investigation (RI) has been completed at the Wayne
Reclamation and Recycling, Inc. (WRR) in Columbia City, Indiana. The RI was
performed by Warzyn Engineering Inc. (Vlarzyn) for the WRR Potentially
Responsible Parties (PRPs). The RI has been conducted in accordance with
planning documents which were originally drafted for the United States
Environmental Protection Agency (EPA) by a contractor, later revised by
Warzyn and then approved by the EPA. This RI Report is submitted in partial
fulfillment of the requirements of Paragraph III of Administrative Order By
Consent V-W-87-C-018 dated August 14, 1987.

The WRR Site is located in central Whitley County, approximately 20 miles
northwest of Fort Wayne. Indiana. The approximately 30 acre site, located on
the southeast edge of the Columbia City limits, is bounded on the south and
east by the Blue River. It includes approximately 20 acres currently owned
by WRR, 6 acres in the north which WRR sold to Holmes & Co. in 1982, and 4
acres on the west owned by Columbia City (Figure 3).

The site can be divided into three major areas; the southeast portion
designated as the lower flood plain, the northeast portion as an old city
landfill area, and the central and west portion being the uplands (Figure 3).
The lower flood plain Includes the areas which are sometimes identified as
the "freshwater pond", "oil decanting pit", "tar pit", "sludge ravine",
"discolored area", and "acid pit". The old city landfill is in the northeast
part of the site and includes an area sometimes identified as the "ink sludge
area". The upland area Includes the recently closed WRR office buildings.

Phase I field activities were conducted at the WRR Site between February 22,
1988 and March 24, 1988. Phase II field investigations were conducted
between July 25, 1988 and September 13, 1988. Field aspects of the
investigation included: 1) surveying and mapping the site, 2) conducting a
subsurface investigation, 3) excavating test pits, 4} constructing monitoring
wells, 5) collecting representative samples of surface soils, surface water,
sediment, and groundwater, and 6) conducting aquifer tests. The RI was
designed to Identify the contaminated media and determine the extent and
character of the contamination In those media. The objectives of the project
Included: collecting data to characterize the natural system, conducting a
groundwater assessment, completing a risk assessment, and developing an
adequate data base for performing a feasibility study (FS).
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WRR began operating an oil reclamation business and waste hauling business at
the site in 1975. Investigations by the Indiana State Board of Health
starting in 1980 revealed that WRR had illegally disposed of wastes of at the
site. In 1982, WRR and one of its principals, Wayne Brockman, pleaded guilty
to illegal "depositing of contaminants" and filing false hauler reports.
Since 1975, WRR has handled at the site: zinc plating wastes; barrels of
dried ink; sludges containing copper, nickel, cadmium, chromium, and cyanide
and waste oil and solvents.

As of April 1989, WRR is reportedly not operating an oil hauling and storage
business on the west part of the site. The source of drinking water for the
WRR facility is the Central Water System provided by the City of Columbia
City. The closed Columbia City landfill is located to the north of the east
half of the site. The southeast part of the site was apparently the location
of the majority of past illegal dumping. Several clean-up projects have
occurred at the site. In 1986 and 1987, a removal action was conducted
pursuant to an EPA issued Administrative Order by Consent dated July 10,
1986. Drums at the site were excavated, sampled, tested and removed; and
liquids, sludges, and/or contaminated soils were excavated and removed from
the so called "oil decanting pit", "sludge ravine", "tar pit" and "buried
barrel area". Additional removal was conducted in 1988 pursuant to an
Administrative Order issued by the EPA on February 17, 1988 and modified on
March 29, 1988. This work consisted of the removal of more drums; the
excavation and off-site disposal of materials from the so called "acid area",
"discolored area", "ink sludge area", and "sludge ravine", and the removal
and off-site disposal of the contents of 23 horizontal tanks.

Altogether, previous removal actions have resulted in the removal of more
than 13,000 tons of material from the WRR Site. With the exception of the
"discolored area", these removal actions have removed the majority of
contaminated materials in the known disposal areas on the WRR site. At the
"discolored area", the method of deposition seemed to be random spillage or
leakage. Based on visual observations of the sidewalls of the excavation,
residual waste exists primarily to the east and north of the "discolored
area". There are also portions of the south and west side walls where
contamination was observed. However, the remaining material would probably
be better characterized as contaminated soil rather than waste. For purposes
of the RI, these materials are referred to as Soil/Waste.
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The WRR Site is located on top of about 200 feet of unconsolidated glacial
materials which overlie a shale and dolomite bedrock. The glacial materials
are primarily outwash deposits consisting of alternating layers of sand, silt
and silty clay. Two separate aquifers have been identified beneath the site:
an upper water table aquifer, and a lower confined aquifer. The upper
aquifer is not known to be used as a water supply source, but the lower
aquifer is the major water resource for Columbia City and the surrounding
population. Columbia City's municipal well field is located adjacent to the
northern limit of the east half of the WRR Site, and one of two city wells is
pumped approximately 8 to 10 hours per day.

Groundwater flow in the upper aquifer is from west to east. In general,
groundwater water elevations indicate that the upper aquifer is recharged
west of the site, and discharges to the Blue River along the east and south
boundary of the site. Average linear groundwater seepage rates are on the
order of one foot per day.

In the lower aquifer, the regional hydraulic gradient indicates that natural
groundwater flow is from northwest to southeast, thus away from the city
wells. The regional gradient was measured at 0.0015 ft/ft, sloping to the
southeast when the city wells have not been used for 12 hours. However,
pumping the wells has the potential to reverse the horizontal hydraulic
gradient in the lower aquifer. After 8 hours of pumping, the gradient
beneath the site was 0.0011 ft/ft, sloping from south to north toward the
well. (These values are thought to be practical maximum values.) The
intensity of the regional gradient to the southeast is about 30 percent
higher than the gradient beneath the site caused by pumping. In addition, at
current water demands, the city wells are utilized less than 50 percent of
the time. As a result, the average gradient is away from the city well
field, with the regional gradient to the southeast. On a daily basis,
groundwater migration beneath the site could be described as "taking three
steps toward and four steps away" from the city wells field.

Vertical hydraulic gradients were also observed to reverse between pumping
and non-pumping phases. After 12 hours of recovery, an upward gradient was
measured between the lower and the upper aquifer. After 8 hours of pumping,
the vertical gradient was downward. The maximum downward gradient was two to
four times greater than the maximum upward gradient, suggesting that there is
a potential for leakage from the upper to the lower aquifer. Considering
only the potential for downward migration, it is estimated that the maximum
leakage volume from the upper to lower aquifer for the entire 30-acre WRR
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Site is on the order of 8 gallons per minute, during the time when city pump
is operating at 1500 gallons per minute. Therefore the dilution factor would
be approximately 190:1 (1500/8).

Sampling and chemical analysis of soils, waste, groundwater, surface water
and sediments were performed at the WRR Site.

To assist in the evaluation of the extent and migration of hazardous
substances at the site, similar types of compounds have been grouped together
(Table 13). Chlorinated ethenes and to a lesser extent chlorinated ethanes
and toluene were the predominant group of organic contaminants, occurring in
all discrete media. In general, chlorinated ethene concentrations increased
with depth. While low levels (<200 ug/kg) of chlorinated ethenes were
detected in many areas of the site soil, the majority of the high levels were
detected in a few areas of the site:

o At the location of SB-7/MW9, elevated levels of volatile
organics were detected during Phase I. Subsequent sampling
in Phase II showed that the lateral and vertical extent of
soil contamination in the area is probably limited.
Elevated levels of volatile organics in groundwater were
detected in the monitoring well at this location; however,
its extent is also limited because groundwater in the area
would move directly south and discharge to the river.
Current testing of surface water samples downstream of this
area do not detect any significant measurable impact on the
river.

o At the location of SB-40/MW14S, a similar situation occurs.
Visual observations of surface soils in the area suggest
that the lateral extent of this contamination may also be
limited.

o At the location of SB-2/MW7S, low levels of volatile
organics (primarily tetrachloroethene and trichloroethene)
were detected during Phase I. There is a limited area of
contamination visible at the surface in this vicinity
(there are also small patches of contamination visible at
the surface in the vicinity of SB-19). Subsequent sampling
in Phase II did not detect any significant sources of
volatile organics in the subsoils. Groundwater in this
area contains elevated levels of 1,2-dichloroethene. It is
possible that the tetrachloroethene and trichloroethene
detected in the subsoils are degrading to
1,2-dichloroethene. The lateral extent of groundwater
contamination may be limited based on the detection of only
vinyl chloride in MW4 located approximately 200 feet
downgradient.
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o In several areas in the southeast area of the site, high
levels of volatile organics were found. The wide scatter
in total chlorinated ethene concentrations, even for
borings located very close to each other (i.e. SB-36 and
SB-24; SB-12 and SB-32) suggests random spillage as opposed
to large scale dumping. In addition, the removal action at
the site in 1988 caused the removal of a significant volume
of soil from this area (Figure 5). In particular,
contaminated soils from around MW3S, SB-12, and SB-36 have
been removed. Groundwater immediately downgradient of the
contaminated soils also contained elevated volatile
organics (i.e. MW3S, MW10S). However, the data show that
migration of volatile organics may be limited. For
instance, when the results of total chlorinated ethenes
from MW10S (61,500 ug/L) are compared to the results from
MW11S (48 ug/L), located 250 feet downgradient, it is
apparent that there may be either very little migration of
contaminants with groundwater flow or very high attenuation
or degradation occurring. It appears that some volatile
organic compounds have migrated through groundwater to the
sediment and surface water of the Blue River. The total
chlorinated ethenes detected in surface water in the river
were below the contract required quantitation limit (CRQL);
total chlorinated ethenes detected in river sediments were
near the CRQL at two locations (SD-4 and SD-5) and were
detected at 1,230 ug/kg at SD-3.

Phthalates were frequently detected in all the discrete media; however,
concentrations and distribution showed little correlation within and between
media.

The distribution of PAHs at the Site was very limited and generally located
in the upper 2 ft of the soils. The analytical results indicate at least two
localized area of elevated PAH (SB-18 and SB-20) concentration on-site, but
PAHs were not detected below a depth of six feet. No appreciable PAH
concentrations were detected in groundwater, surface water or sediment
samples.

Several inorganic parameters were detected in on-site soils at concentrations
above what would be considered as the common range for "natural soils." Of
the metals group magnesium, cadmium, copper, zinc and lead were detected at
levels above these common ranges in subsurface soils. In general, the
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elevated levels of these compounds coincided with the areas described above
for organic compounds. Metals were usually detected in highest
concentrations in the top two feet of soils. However, one apparently
isolated area of considerably high concentrations of these elements was
detected approximately midway between the freshwater pond and the northern
boundary of the site (SB-17).

Aluminum, barium, manganese and arsenic were the only inorganic constituents
detected in groundwater at concentrations above expected levels for trace
metals. As with the organic compounds, the extent of migration may be
limited.

Elevated total cyanide concentrations were detected in surface and upper soil
boring samples. The higher levels of cyanide were not detected outside of
the areas discussed in the dot list above. Total cyanide concentrations in
groundwater were not excessively high.

Concentrations of inorganic parameters in surface water and sediments from
the Blue River adjacent to the Site were not significantly above those
upstream from the Site boundary, with the possible exception of copper and
zinc in sediments. A slight increase in cyanide concentrations was observed
adjacent to the site as compared to upstream concentrations. Concentrations
of inorganic parameters in on-site surface waters and sediments were elevated
in the vicinity of SW-9, SW-10, SW-11, and SW-12.

The distribution of contaminants in on-site soils affects current and
potential migration to other media. Contaminants currently at or near the
surface and adsorbed to soil particulates (metals, total cyanide, PAHs) are
most likely to migrate with surface water runoff and erosion and to a lesser
extent with airborne dust. However, during normal runoff conditions,
migration would be to the center of the southeast area as opposed to off-site
via the Blue River with the exception of one small low area near the
collapsed WRR garage. Future potential for the migration of site
contaminants into the Blue River as a result of surface water runoff and/or
erosion would only occur during flood conditions.

Contaminants currently in subsurface soils (chlorinated ethenes, chlorinated
ethanes and toluene) migrate through the soil phase and into the water table
with groundwater recharge. This process appears to have taken place at the
Site. The predominant site-related contaminants in the upper aquifer are the
chlorinated ethenes, chlorinated ethanes and, to a lesser extent, toluene.
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Most of the contamination is adjacent to the Blue River and will probably
migrate towards the river. However, current data suggest that no large scale
migration of contaminants to the river is occurring. Although, chlorinated
ethenes have been detected in the Blue River, the concentrations at all
sample locations were below the contract required quantitation limit.
Although there is the potential for migration beneath the river to the east,
the attenuation or degradation of compounds that occurs between MW3S and
MW11S may suggest that contamination may not be detected east of the river.
The analytical data indicate that the aquitard at the base of the upper
aquifer appears to limit downward migration to the lower aquifer.

The attenuation of contaminants in soils and groundwater is controlled by
many physical, chemical and biological processes. Currently biochemical
degradation of the chlorinated ethenes and chlorinated ethanes appears to be
taking place. The occurrence of clay and silt in area soils enhances the
potential attenuation of site-related contaminants through adsorption.

An assessment of public and environmental health risks was conducted for the
WRR Site. The process was made up of four components as suggested in the
Superfund Public Health Evaluation Manual (U.S. EPA, 1986): indicator
chemical selection, toxicity evaluation, exposure assessment and risk
characterization.

As a result of the indicator selection process used, vinyl chloride, 1,2-
dichloroethene, trichloroethene, toluene, bis(2-ethylhexyl)phthalate,
polychlorinated biphenyls (PCBs), polynuclear aromatic hydrocarbons (PAHs),
cadmium, chromium, nickel, arsenic, cyanide, and zinc were considered to
represent the greatest potential public health threat of the contaminants
detected at the site.

Two exposure scenarios were evaluated in the baseline risk assessment:
current site (use) conditions and plausible future site (use) conditions.
The current use scenario evaluated exposures to potential trespassers on-
site. The site is zoned for industrial use, thus, for future site
conditions, it was assumed that the site may be developed and that
construction workers would be exposed to surface and subsurface contaminants.
It was also assumed for the future use scenario that Municipal Well #8 may be
contaminated (i.e., drawing groundwater from the contaminated aquifer) under
an increased demand for its use as the area develops. In addition,
assumptions were applied to estimate potential risk should groundwater
contaminants migrate to existing private wells.
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Both current and future use scenarios were based on the premise that no
action would be taken to mitigate release of contaminants from the site and
no restrictions would be imposed.

Based on current use conditions at the site, no risks were identified through
exposure to contaminated groundwater. Under current conditions, only
trespassers were identified as incurring some potential risk, through
exposure to contaminated soils. Actual risk to trespassers is likely to be
much lower than the calculated risk because the contaminants that contributed
to the majority of the risk occur in discrete, localized areas. In addition,
the number of individuals likely to trespass on the site is probably very
low, thus further reducing the potential for exposure at the site.

Under the assumptions made to assess future site conditions, risks from
exposure to contaminated soils were estimated for construction workers
potentially working at the site in the future. As described above for site
trespassers, actual risks associated with this activity would be very low
because areas of contaminated soils are localized. In addition, the number
of exposed individuals would be small, thus reducing the probability of
contact. Under future site assumptions, risks were estimated for users of
municipal water and users of private well water. However, these risks would
be realized only if there were to be a dramatic increase in the water usage
by Columbia City (i.e. pumping would probably have to increase to 16 hours a
day from the current 8 hours a day). In addition, the assumption that the
contaminant levels at the municipal well result from simply the dilution of
contaminants (by a ratio of downward flow from the upper aquifer to total
flow in the municipal well) is conservative. The assumptions used in the
endangerment assessment are also very conservative. The sum of all these
factors may result in the actual risk being lower than the calculated risk.

The risk characterization section of Chapter 6.0 provides a detailed
description of potential risks to current and future users based on the
conditions and assumptions applied in this assessment. Because the final
health risk estimates were ascertained by comparing estimated exposure doses
(with uncertainties) with appropriate reference doses (with uncertainties),
the risk estimates should only be viewed as approximate. The risks
calculated should be viewed on a relative rather than actual basis.

A summary of the estimated lifetime cancer risks associated with this site
can be found in Table 49.
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1.0 INTRODUCTION

Warzyn Engineering Inc. (Warzyn) was retained by the Wayne Reclamation and
Recycling, Inc. (WRR) PRP Steering Committee (PRP) to perform the Remedial
Investigation (RI) at the WRR site in Columbia City, Indiana. The planning
documents for this RI were originally prepared by a contractor to the United
States Environmental Protection Agency (EPA). The documents were modified
during negotiations among Warzyn, the PRP's and EPA. Work conducted as a
part of the RI was completed in accordance with planning documents that had
been approved by EPA. This RI Report is submitted in partial fulfillment of
the requirements of Paragraph III of Administrative Order By Consent V-W-
87-C-018, dated August 14, 1987 (Consent Order).

1.1 Purpose of Remedial Investigation

This RI was conducted to provide the data necessary for the completion of a
Feasibility Study (FS) which will identify, evaluate, and prepare conceptual
designs for remedial alternatives at the WRR Site. The RI data collection
activities were designed to meet the following objectives:

o To confirm or deny expected locations of hazardous
substances on the site;

o To evaluate locations of suspected contamination on the
site;

o To determine the extent and character of hazardous and/or
toxic materials present on the site, including the
horizontal and vertical distribution of potential sources
of contamination;

o To determine the physical and chemical properties of each
identified source area containing hazardous and/or toxic
materials;

o To determine the nature and extent of actual and potential
releases from source areas;

o To characterize the known and potential pathways for
release of contaminants from source areas.
Characterization of pathways includes evaluation of
physical properties governing transport within given
pathways; and
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o To determine and document the type, extent and magnitude of
contamination of media by hazardous substances, as
necessary, to assess endangerment to human health and the
environment and to perform a FS.

The Final Work Plan for the WRR Site defined 11 tasks to be completed during
the RI:

o Task 1 - Preparation of Project Operation Plan (POP),
o Task 2 - Study Area Surveys
o Task 3 - Source Characterization
o Task 4 - Site Characterization
o Task 5 - Feasibility Study Testing
o Task 6 - Data Validation
o Task 7 - Contaminant Pathway and Transport Evaluation
o Task 8 - Public Health Evaluation
o Task 9 - Remedial Investigation Report
o Task 10- Quality Assurance/Quality Control
o Task 11- Investigation of Anomaly Areas Determined During

the Geophysical Survey

The scope of work for Task 1 had previously been completed with the
acceptance by EPA of the Final Work Plan, Addendum No. 1 to the Final Work
Plan (Phase II Scope of Work), Quality Assurance Project Plan (QAPP), and
QAPP-Addendum No. 1. No work was required under Task 6. Submittal of this
report completes the scope of work for Tasks 2 through 8, 10, and 11. It
also serves as partial completion of Task 9.

To meet the RI objectives, a field investigation was conducted in two phases
completing the following tasks.

o Drilling of soil borings and collection of soil samples at
various locations across the site. Many of the borings
were in areas where waste had been dumped;

o Test pit excavations into known and suspected disposal
areas;

o Chemical and physical testing of selected soil samples from
borings;

o Installation of monitoring wells at the site perimeter and
within the active site area;

o Performance of aquifer tests by slug test and pumping test
methods;
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o Collection and evaluation of water level readings at
monitoring wells and surface water staff gages;

o Collection and analysis of surface water and sediment
samples;

o Collection and analysis of groundwater samples from
groundwater monitoring wells, municipal water supply wells,
and private water supply wells; and

o Performance of a survey to locate and obtain elevations of
all sampling locations, including soil samples, waste
samples, surface water samples, sediment samples, and
groundwater samples.

Sampling and analysis of 21 horizontal tanks located on-site were deleted
from the Work Plan because this work was conducted as a part of the 1988 EPA
Removal Order.

1.2 Site Background

1.2.1 Site Description
The WRR Site is located in central Whitley County, approximately 20 miles
northwest of Fort Wayne, Indiana (Figure 1). It is situated in the northern
half of the southeast quarter of Section 11, T31N R90W (Figure 2). The
approximately 30 acre site, located on the southeast edge of the Columbia
City limits, is bounded on the south and east by the Blue River. It includes
approximately 20 acres currently owned by WRR, 6 acres in the north which WRR
sold to Holmes & Co. in 1982, and 4 acres on the west owned by Columbia City
(Figure 3).

The site can be divided into three major areas; the southeast portion
designated as the lower flood plain, the northeast portion as an old city
landfill area, and the central and west portion being the uplands (Figure 3).
The lower flood plain includes the areas which are sometimes identified as
the "freshwater pond", "oil decanting pit", "tar pit", "sludge ravine",
"discolored area", and "acid pit". The old city landfill is in the northeast
part of the site and includes an area sometimes identified as the "ink sludge
area". The upland area includes the still active WRR office buildings.

The WRR site is located within the Wabash River Drainage Basin and partly
within the 100 year flood plain of the Blue River. Blue River frontage at
the site extends for 725 feet on the east edge, and 1600 feet along the south
edge.
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1.2.2 Site History
In 1975, WRR purchased approximately 25 acres of land on the southeast edge
of Columbia City including a 13.6 acre portion that Columbia City owned since
1953. WRR and its division, Wayne Waste Oil, began operating an oil
reclamation business at the site in 1975. It was granted a license to haul
liquid industrial wastes by the Indiana Pollution Control Board in 1976. In
1982, WRR sold about 6 acres on the northern part of its property to Holmes &
Co. Table l i s a summary of key dates and events which occurred at the site
prior to and during the company's operation.

In 1980 the Indiana State Board of Health (ISBH) began investigating the WRR
site as a result of reports from a former employee of WRR that hazardous
wastes were being illegally disposed of at the site. ISBH determined that
between February 1979 and May 1980, WRR filed hauler reports stating that it
had disposed of 250,000 gallons of sludge at the Williams County landfill in
Bryan, Ohio. However, the landfill had not received any waste shipments from
WRR during that time.

In 1982, WRR and one of its principals, Wayne Brockman, pleaded guilty to
illegal "depositing of contaminants11 and filing false hauler reports. They
were required to pay a fine, to fund a risk assessment of the site, and to
pay for cleanup. The risk assessment was conducted by Beranek Associates,
Inc. (Beranek, 1984) between March 1983 and June 1984, and showed that little
potential exists for groundwater contamination or impact on the city drinking
water supply, provided that the use of city well 8 is limited. Furthermore,
the risk assessment indicated that potential risk to the Blue River was low,
except in the instance of a severe flood which could wash chemicals from the
"sludge ravine" into the river. WRR did not perform the cleanup required
under its guilty plea.

1.2.3 Cleanup Activities at the Site
Prior to and subsequent to development of the Work Plan for the RI, several
discrete disposal areas were Identified at the site. Each area was given a
descriptive name by the EPA for the purpose of defining the location of the
area. The descriptive names were not necessarily representative of the
physical or chemical nature of the materials found in the area. The known
disposal areas consisted of:

o "sludge ravine"
o "oil decanting pit"
o "tar pit"
o "buried barrel area"
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o "add area"
o "discolored area"
o "ink sludge area"

The EPA issued an Administrative Order by Consent dated July 10, 1986, which
required the respondents to: install temporary fencing and warning signs;
remove drums located on the surface of the site; excavate and remove certain
buried drums; sample and test the contents of the removed drums; excavate
liquids, sludges, and/or contaminated soil in the so-called "oil decanting
pit", "sludge ravine", "tar pit", and "buried barrel area"; and dispose of
all such removed materials. This work was performed from late summer, 1986,
to fall of 1987 and consisted of:

o excavating and disposing of approximately 5600 tons of
material from the "sludge ravine";

o excavating and disposing of approximately 1100 tons of
material from the "oil decanting pit";

o excavating and disposing of approximately 90 tons of
material from the "tar pit"; and

o removing, testing and disposing of the contents of 215
55-gallon drums and 750 tons of soil from the "buried
barrel area" and backfilling the area with off-site borrow.

Further removal work was performed by four companies named in an
Administrative Order issued by EPA on February 17, 1988, and modified on
March 29, 1988 and May 23, 1988. The work performed pursuant to the second
Order was conducted from May 1988 through March, 1989, and included:
removing, testing, and disposing of the contents of 125 additional drums;
excavating and disposing of 5400 tons of contaminated soil from the so-called
"acid area", "discolored area", "ink sludge area", and "sludge ravine";
removing and disposing of the contents, including oils and solvents, in 23
horizontal tanks; installing chain link fencing around the so-called "oil
decanting pit", "sludge ravine", and "discolored area" and backfilling the
"acid pit" and "ink sludge area" with off-site borrow.

Altogether, previous removal actions have resulted in the removal of more
than 13,000 tons of material from the site. With the exception of the
"discolored area", these removal actions have removed the majority of
contaminated materials in the known disposal areas on the WRR Site. At the
"discolored area", the method of deposition seemed to be random spillage or
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leakage. Based on visual observations of the sidewalls of the excavation,
residual waste exists primarily to the east and north of the "discolored
area". There are also portions of the south and west side walls where
contamination was observed. However, the remaining material would probably
be better characterized as contaminated soil rather than waste. For purposes
of the RI Report, these materials will be referred to as Soil/Waste.

1.3 Organization of RI Report
This RI Report is comprised of 3 volumes. The volumes may be referenced by
their respective contents which are as follows:

Volume I Text with Tables and Figures
Volume II Appendices
Volume III Appendices

The report describes the performance and findings of the RI. Data collected
prior to initiation of the RI have been considered, however, the majority of
the analysis of site conditions relies on data collected as part of the RI.
Section 2.0 presents the details of the field procedures used to collect the
data. Section 3.0 contains a detailed characterization of the setting of the
site, including topography, geology, hydrology, and hydrogeology. Section
4.0 contains a description of the nature and extent of contamination on the
site. For the purposes of clarity, the discussion is broken into discussions
about each media; Waste/Soils, Groundwater, Surface Water, and Sediment.
Each section also contains a discussion of the chemical similarities of the
various media.

The actual or potential migration of contaminants is described in Section 5.0
and the transport and transfer of contaminants within and between media are
also evaluated in Section 5.0. Section 6.0 presents a Baseline Risk
Assessment which is based on the available RI data. The summary of the RI
and conclusions reached are presented in Section 7.0. The references cited
throughout the report are included in Section 8.0.
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2.0 REMEDIAL INVESTIGATION ACTIVITIES

The RI was planned to determine the nature and extent of contamination at the
WRR Site in the media of soils, surface water, sediment, and groundwater and
provide the necessary information for conducting an FS. Field investigations
were conducted at the WRR Site in two phases. The general goal of Phase I
was to identify the contaminated areas and media; the general goal of Phase
II was to determine the extent and character of the contamination in the
areas and media identified in Phase I. In both phases, data and information
were collected to characterize the natural system, including the geology
specific to the site and hydrogeologic regime. Upon completion of the second
phase of the investigation, data and information concerning the WRR Site was
sufficient to meet these goals.

Phase I field activities were conducted at the site between February 22, 1988
and March 24, 1988. Phase II field investigations were conducted between
July 25, 1988 and September 13, 1988. Field aspects of the investigation
included: 1) surveying and mapping the site, 2) conducting a subsurface
investigation, 3) excavating test pits, 4) constructing monitoring wells, 5)
collecting representative samples of surface and subsurface soils, surface
water, sediment, and groundwater, and 6) conducting aquifer tests.

The planning documents to conduct this investigation include a Work Plan, a
Quality Assurance Project Plan, a Site Health and Safety Plan, and a Sampling
and Analysis Plan. The following documents were used by Warzyn to develop
the revised planning documents, conduct the site investigation, and produce
this RI Report.

o U.S. EPA, Office of Emergency and Remedial Response, March
1988. Draft Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA, OWSER
Directive 9355.3-01.

o U.S. EPA, Region V, December 1985, Preparation of Federal-
Lead Remedial Investigation Quality Assurance Project Plans
for Region V.

o U.S. EPA, December 1980. Interim Guidelines and
Specifications for Preparing Quality Assurance Project
Plans, QAMS-500/80.

o U.S. EPA, June 1986, Data Quality Objectives for the RI/FS
Process, Doc. No. 9355.0-7A.
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The remainder of this section describes the number, locations and rationale
for each task and sampling event conducted at the WRR Site. Detailed
procedural descriptions, including Quality Assurance Protocols are included
in Appendix A.

2.1 Surveying and Mapping Surface Features.

Abrams Aerial Photography was contracted to photograph the site and develop a
base map of the WRR Site. This map was made at a scale of one inch equal to
50 feet with a two-foot contour interval showing site conditions as of May
1988. (The figures have also been reduced to 11 by 17 inch format, providing
one inch equal to 100 feet for inclusion in Volume I of the RI Report).

A copy of the aerial photograph has been reproduced as a map (Figure 3) to
show the locations of the significant natural and man-made features. It is
also used to delineate areas of major investigative effort and to identify
the areas in which removal actions were undertaken during two previous
remedial actions at the request of the EPA.

Licensed professional surveyors visited the site initially to establish the
base grid and field check the aerial mapping. Additional surveys were made
at several later dates as additional site activities were completed. These
were necessary to establish the horizontal and vertical locations of each
sampling point including: monitoring wells, soil borings, surface soil
samples, surface water and sediment samples, surface water staff gages, and
test pits.

The degree of precision used for each measurement was dependent upon the
nature and use of the surveyed point. Test pits, soil, surface water, and
sediment sampling points were located to the nearest foot horizontally and
the nearest 0.1 foot vertically. Staff gages and monitoring wells, in which
precise vertical datum is necessary, were located to the nearest 0.1 foot
horizontally and to the nearest 0.01 foot vertically.

Elevations of sampling points were referenced to an on-site datum. The on-
site datum was tied into the USGS National Geodetic Vertical Datum by
completing an elevation survey to a benchmark located at the bridge over the
Blue River at Van Buren Street. A second elevation survey was run to a
benchmark located at the bridge over the Blue River at Whitley Street.
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Elevations shown in the RI Report can be converted to USGS elevations by
subtracting 5.00 feet.

2.2 Subsurface Investigation bv Soil Borings.

2.2.1 Phase I Soil Borings.
Exploratory drilling was conducted in both phases of the investigation. The
goals of the drilling included:

o collecting samples for chemical analysis to determine the character,
magnitude and extent of contamination across the site;

o collecting soil samples for geotechnical analysis to aid in the
hydrogeologic characterization of the site;

o defining stratigraphic sequences beneath the site; and

o making the boreholes for placement of monitoring wells.

A summary of sampling locations is shown on Figure 4. The twenty-six Phase I
soil borings (SB-1 through SB-26) were drilled on-site between February 22
and March 1, 1988 (Figure 5). A Warzyn professional was present at each
boring location during the drilling to keep a log of the geologic materials
encountered and to collect representative samples for geotechnical or
chemical laboratory analysis. A standard two-inch inside diameter (I.D.) 18"
long split-spoon sampler was used to collect the subsurface soil samples.
Split-spoon samples were normally collected at the following intervals.

o Zero to 18 inch depth;

o continuously from the surface to 10 feet for soil borings for
chemical analysis sampling, and at 2.5 foot intervals to 10 feet
for monitoring well borings; and

o at five-foot intervals from 10 feet to the termination of the
boring.

A portable photoionization detector (HNu) was used to field screen for the
presence of volatile organics in each split-spoon sample, as soon as the
split-spoon was opened. Three samples were collected from each boring for
chemical analysis, one from the upper two-feet, a second from the two to six
foot interval and one from the six to ten foot interval. The sample for each
interval was selected from that portion of the split-spoon sample which
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appeared, either visually or by HNu reading, to be the most highly
contaminated. If no contamination was evident, a composite sample was made
from the entire interval. Also, a representative portion from each split-
spoon sample was kept for geotechnical analysis.

In general, the Phase I soil borings which were made primarily to collect
soil samples for analytical testing were drilled to 10 feet below ground
surface. Eleven of the soil borings were drilled deeper to allow for the
installation of shallow monitoring wells (MW-1S to MW-11S). Table 2 shows
the correspondence between boring number and monitoring well number.

2.2.2 Phase II Soil Borings.
Phase II soil borings were performed between July 25 and August 16, 1988.
The purposes of the Phase II soil borings were to determine the lateral and
vertical extent of soil contamination in six areas (described below) of the
site identified during Phase I, and to confirm or deny the existence of
anomalies detected during Phase I. The Phase II soil boring program
consisted of:

o Drilling 22 auger probes (SB-A to SB-V) to a depth of 10
feet in the southeast area of the site (Figure 5). These
borings were drilled on a 50 foot center grid pattern over
the southeast area. At each auger probe location, the
subsurface soil was classified visually for soil type and
visual contamination, and screened with a portable HNu
photoionization detector. Findings were recorded on
detailed boring logs included in Appendix B.

Borings C, D, E, F, G, H, L, N, S and U had HNu levels
greater than 100 parts per million (ppm) but no visual
contamination was observed. Borings I, J, K, M and V had
HNu readings between 3 and 30 ppm and also had no visual
contamination. Borings A, B, 0, P, Q, R and T had less
than 1 ppm detected.

Based on these findings it appears that contamination in
the southeast area is primarily limited to a triangular
shaped area with the points being Borings S, U and D.
Because of the lack of visual contamination, the HNu
readings may suggest the migration of volatiles through the
permeable material found in the southeast area soils. It
appears that the contamination may be from random sources
spilled or dumped in discrete areas. The approximate
limits of these discrete areas cannot be well defined. The
auger probes were used to select the locations of soil
borings to be split-spoon sampled in Phase II. No auger
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probes were drilled in the "discolored area" because this
area was to be excavated and disposed of off-site.

o Based on the results of the auger probes, drilling 12 soil
borings (SB-027 to SB-038) in the southeast area of the
site to a depth of 10 feet with continuous split-spoon
sampling conducted on 2 foot centers from 2 feet to 10
feet. Two samples were collected from each boring to be
analyzed for Target Compound List Volatile Organic
Compounds (VOC). VOC's were to be used simply as
indicators of the extent of contamination.

o Drilling a soil boring at the location of SB-17 to confirm
or deny the presence of elevated concentrations of metals.

o Drilling a soil boring at the location of SB-18 to confirm
or deny the presence of elevated concentrations of
polycyclic aromatic hydrocarbons (PAH).

o Drilling five soil borings to a depth of 10 feet in the
vicinity of SB-7, and collecting six soil samples for
analysis of VOC.

o Drilling three soil borings to a depth of 10 feet in the
vicinity of SB-2 and collecting six soil samples for
analysis of VOC.

A Warzyn professional was present at each boring location during the drilling
to keep the boring log and collect samples as in Phase I. Seven of the
borings were instrumented as Phase II monitoring wells. Table 2 shows the
correspondence between boring number and monitoring well number. The
sampling procedures including Quality Assurance protocols, sample handling,
preservation, and shipping are described in Appendix A. Soil boring logs are
presented in Appendix B.

Drilling during both Phase I and Phase II was performed by Exploration
Technology Inc. (ETI) of Madison, Wisconsin. All drilling and well
installation activities were performed under the direct supervision of a
Warzyn geologist. The soil samples collected but not submitted for chemical
analysis have been temporarily stored at the WRR Site for appropriate
handling or disposal when the site is remediated. Twelve samples, selected
to represent the two aquifers, the confining layer between them, and vadose
zone were submitted to the Warzyn soils laboratory for geotechnical analysis.
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2.3 Contaminant Source Investigation bv Test Pit Excavation.

Based on the detection of magnetic anomalies during a geophysical survey, ERA
suspected that waste was buried in four areas on the WRR Site. On March 23,
1988, test pit excavations were made by backhoe in the four areas where
geophysical anomalies were detected in an attempt to locate the suspected
buried waste material (Figure 6). Each test pit excavation was performed by
personnel equipped in Level B safety gear. Characterization of excavated
materials involved visual observations by the field geologist of the general
appearance of the excavated material. Refuse (bottles, cans, paper, etc.)
was encountered in all four test pits. The refuse was screened with portable
monitoring equipment for volatile organics and cyanide by the on-site safety
officer continuously during each excavation. No readings above background
were recorded. All excavated material was backfilled into each pit upon
completion.

2.4 Monitoring Well Construction.

A total of 14 upper aquifer monitoring wells, four upper aquifer piezometers,
one well screened in the confining layer between the aquifers, and three
lower aquifer wells were constructed during the two-phased RI conducted at
the WRR Site. The general objectives of constructing monitoring wells
included developing a geologic characterization, supplying access points to
measure groundwater elevations at locations in both aquifers, and providing
sampling points in each of the aquifers.

2.4.1 Phase I Monitoring Wells.
The 11 Phase I monitoring well locations were selected to provide a general
assessment of the groundwater levels and water quality across the WRR Site.
The monitoring wells were numbered sequentially from MW-1S to MW-11S; the "S"
signifies a shallow well, screened in the upper aquifer. The locations of
the wells are shown on Figure 7.

The borehole for each monitoring well was advanced by using 4.25-inch inside
diameter (ID) hollow stem augers (HSA) to a depth of approximately 10 feet
below the water table. Decontamination procedures are described in Appendix
A. The assembled well string was placed in the borehole with the augers
still in place. The annular space between the well and the edge of the
borehole or auger was backfilled with either red flint filter sand or natural
caved formation material or both. The sand pack material around the screen
was placed at least one foot above the top of the screen. Following the sand
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pack, at least two feet of bentonite pellets were placed around the riser
pipe to seal the screened section off from overlying materials. The
remainder of annular space was filled with either granular bentonite,
powdered bentonite, or a bentonite and cuttings mixture. A five-foot steel
locking protective casing was placed over each well and seated in concrete in
the annular backfill material. Locks were attached to the protective casing
immediately after installation. Well construction details are summarized in
the table prefacing Appendix C, and shown graphically on each boring log.

Each well was developed by removing at least ten volumes of water using a
stainless steel bailer. The pH and conductivity values were measured
periodically during development; water was also noted to become less cloudy
and/or silty as development proceeded. Development was considered complete
when pH and conductivity values stabilized.

2.4.2 Phase II Monitoring Wells and Piezometers.
Monitoring well construction in Phase II consisted of three additional
shallow wells, four non-sampling piezometers, one intermediate depth
monitoring well and three lower aquifer monitoring wells. The shallow
monitoring wells were numbered sequentially from MW-12S to MW-14S. The
piezometers were numbered sequentially from P-l to P-4. Locations were
selected for the three lower aquifer monitoring wells to provide optimal
water level and water quality information. Each lower aquifer monitoring
well was located adjacent to existing upper aquifer monitoring wells, forming
three well nests. They were numbered MW-1D, MW-8D, and MW-13D. At well nest
MW-1, a third well was screened at an intermediate depth (I) in the confining
layer between the upper and lower aquifers (MW-1I). The locations of the
wells are shown on Figure 7. Construction, decontamination, and development
procedures are the same as described for Phase I.

To derive additional information about the thickness of the upper aquifer and
to locate the confining layer, soil borings were extended to the first clay
contact adjacent to the Blue River at two locations, MW-12S and MW-14S.
After logging the borehole at these locations, the borings were sealed with
bentonite grout, and another shallow water table boring was made for
placement of the monitoring well.

The boreholes for the intermediate and deep monitoring wells were advanced by
wash rotary technique. Since the shallow subsurface stratigraphy was known
from the shallow well constructed at the nest location, drilling was advanced
without sampling to the interval directly below the shallow wells depth.
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Sampling then continued at five-foot intervals to the final depth of each
deep boring/well. Casing was driven and set in the confining layer before
drilling into the lower aquifer. Upon completion at a depth of approximately
150 feet, each borehole flushed with potable water to remove drilling fluid.

Water levels collected from the Phase I monitoring wells indicated an anomaly
in the vicinity of the fresh water pond, so four piezometers were installed,
one on each side of pond. Since the piezometers were not intended for
collecting analytical samples, they were constructed with two-inch ID
schedule 40, threaded PVC riser pipe with ten-foot No. 10 slot PVC well
screens. Boreholes were advanced below the water table, and the piezometers
were placed with the screens located to intersect the water table. Other
construction and development procedures were the same as used during
installation of the shallow monitoring wells.

2.5 Sample Collecting.

2.5.1 Phase I Sampling.
The purpose of the Phase I sampling program was to identify contaminated
areas and media. Therefore, all Phase I samples submitted for chemical
analysis were tested for EPA Target Compound List (TCL) Volatile Organic
Compounds (VOC), Semi-Volatile Organic Compounds (SVOC), Pesticides/PCBs
(P/PCB), metals and cyanide. In addition, groundwater samples were tested
for three indicator compounds (alkalinity, chloride and sulfate).

2.5.1.1 Phase I Subsurface Soil Samples.
Seventy-four subsurface soil samples were collected during Phase I. In
general, three soil samples were collected from each of the 26 soil borings
drilled. Samples were submitted from depths of 2, 6 and 10 feet for each
borings except the 10 feet samples from borings SB-5, SB-13, SB-15 and SB-21.
Soil samples were not collected at depths of 10 feet from SB-5, SB-15 and SB-
21 because the samples were below the water table. At SB-13, refuse was
encountered at a depth of six feet. Duplicate samples were collected at
eight locations; SB003-10, SB005-02, SB006-02, SB010-10, SB012-06, SB014-06,
SB017-10, and SB024-06. The quality assurance protocols which were followed
are described in Appendix A. Analytical results are included in Appendix J.
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2.5.1.2 Surface Soil Samples.
Surface soil sampling was conducted on March 19, 1988, during the Phase I
investigation. The six surface soil characterization sampling locations are
shown on Figure 8. Five soil samples (SS-1 through SS-5) were collected from
areas of visible spills located in the southeast area of the site. A surface
soil sample (SS-6) was collected from the road surface near the site
entrance. These grab samples were collected with a stainless steel spoon and
placed in a stainless steel bowl before being transferred into the
appropriate sample containers. Each sample was obtained from the interval
between the surface and a depth of one foot. Sampling equipment was
decontaminated prior to use as outlined in Appendix A. One field duplicate
sample was collected at surface soil sample SS-4. The surface soil samples
were shipped the same day to the designated analytical laboratory. The
quality assurance protocols which were followed are described in Appendix A.
Analytical results are included in Appendix J.

2.5.1.3 Surface Water Sampling.
Thirteen surface water samples were collected on March 17 and 18, 1988. Five
samples were collected from surface water bodies on the WRR Site and the
remaining sample locations were collected from the Blue River. The five on-
site sample locations are as follows (Figure 9):

o The "freshwater pond" (SW-8 and SW-13),

o The wetland area where a standing water pond exists (SW-9),

o The "tar pit" (SW-10),

o The "sludge ravine" (SW-11), and

o The "oil decanting pit" (SW-12)

The Blue River was sampled at seven locations (Figure 9). Sampling proceeded
from the downstream location to the upstream locations, so that any
disturbance during sampling would not affect the next sample. The following
summarizes the sampling locations:

o approximately 300 feet north (upstream) of the north site
boundary (SW-1),

o east of the old city Landfill (SW-2),

o 400 feet north of the sharp bend in the Blue River (SW-3),
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o at the sharp river bend at the southeast corner of the site
(SW-4),

o 350 feet west of the sharp bend in the Blue River (SW-5),

o southwest of the storage building (SW-6), and

o An off-site downstream location approximately 500 ft. west of
the western site boundary (SW-7).

All surface water samples were obtained within the upper 1 foot of water
surface by using a stainless steel dipper or by immersing the sample
container directly into the water. Field duplicate samples were collected at
SW-5 and SW-11 locations. All sampling equipment was decontaminated as
outlined in Appendix A. Specific conductivity, temperature, and pH were
measured in the field at the time of sampling.

2.5.1.4 Sediment Sampling.
Eighteen sediment samples were collected at the same locations as the surface
water samples described in Section 2.5.1.2 (Figure 9). Sediments from both
the right and left river bank were collected from the Blue River at sample
locations SW-1, SW-2, SW-4, and SW-7. Sediment sample SD-14 was collected in
a surface runoff pathway near the back of the WRR office building. Sediment
sample SD-1 was sampled to determine background levels in the sediments of
the Blue River.

The sediment samples were collected using a stainless steel spoon or dipper
to a depth of no more than 6 inches. All grab samples were placed in a
stainless steel bowl, quickly mixed with a stainless steel spatula or spoon
and placed into the appropriate sample jars. Details of sampling equipment,
decontamination, and sampling procedures are outlined in Appendix A. Two
duplicate sediment samples were collected in the same locations as the
surface water sample duplicates (SW-5 and SW-11). All surface water and
sediment samples were shipped the same day they were collected to the
designated analytical laboratory.

2.5.1.5 Phase I Groundwater Sampling.
Phase I groundwater sampling was conducted between March 14 and 17, 1988;
seventeen groundwater samples were collected from wells located at or near
the WRR Site (Figure 7). Eleven of these sample locations were from
monitoring wells (MW-1S through MW-11S) installed by Warzyn during the Phase
I investigation. Another sample location was from existing production well,
"PH", located near the WRR office building. This well is no longer in use.
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The remaining samples were collected from monitoring wells installed in 1983
by Beranek Associates (MW-83A(S), MW-83A(D), MW-83D and MW-83E). Duplicate
samples were collected from monitoring wells MW-2S and MW-7S. The
postscripts (S) and (D) in MW-83A do not refer to a shallow or deep well
similar to those drilled during the RI.

The sampling procedure at each monitoring well included the following steps:
measurement of static groundwater elevation, removal of at least three times
the static volume of water, field measurement of pH and conductivity to
determine the presence of formation water. After the well had recharged
fully from purging, sample volumes were collected in the following order:
(1) two 40-ml vials for volatiles, (2) four one-liter amber glass bottles for
semi-volatile, pesticide and PCB analysis, and (3) three one-liter
polyethylene bottles for cyanide, metals, and indicators analysis. All
samples collected for metals analysis were filtered by positive pressure
through a 0.45 micron filter within one hour of collection. All required
preservatives were added to the metal and cyanide samples within one hour of
collection.

Groundwater samples from each of the shallow groundwater monitoring wells
were collected using a stainless steel bailer with attached stainless steel
cable. Appendix A describes procedures followed during sampling for quality
assurance. Field bailer blanks were collected to document the thoroughness
of the decontamination procedure. Each sample was shipped to the designated
laboratory on the day it was collected. The analytical results are tabulated
in Appendix J.

2.5.2 Phase II Sampling.
The purpose of the Phase II sampling was to determine the lateral and
vertical extent of contamination identified in Phase I.

2.5.2.1 Phase II Subsurface Soil Samples.
As described in Section 2.2, Phase II soil borings were drilled to
investigate five areas of the site. At SB-2, SB-7 and the southeast area of
the site, soil samples collected during Phase II were analyzed for VOC. The
results of the VOC analysis were intended to determine the lateral and
vertical extent of contamination in each area. The samples from SB-017A were
analyzed for metals and the samples from SB-18A were analyzed for VOC and
semi-volatile compounds.
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Duplicate samples were collected from SB-017A-10, SB-017-05 and SB-027-10.
All sampling equipment was decontaminated as outlined in Appendix A.

2.5.2.2 Phase II Groundwater Sampling.
Between August 30 and October 28, 1988, 21 groundwater samples were collected
from wells located at or near the WRR Site. Sampling and handling
procedures were the same as followed during Phase I sampling. Duplicate
samples were collected from monitoring wells MW-9S and MW-14S. Locations of
on-site wells are shown on Figure 7. During Phase II, groundwater samples
were collected from the two Columbia city Municipal Wells and two private
residential wells. The locations of municipal and private wells in the
vicinity of the site are shown on Figure 10. A summary of construction
details for the wells is presented in Appendix D. The rationale for the
selection of wells to be sampled was:

o Municipal Wells No.7 and 8 (Figure 10 locations 2 and 3 are
currently in use and therefore samples were collected.

o Figure 10 location 7 is on-site well PH which was sampled
in Rounds I and II and is no longer in use.

o Figure 10 location 5 was a test well (74A) for a proposed
municipal well. It could not be located and may be
abandoned.

o No locations were selected northeast of the site because
these wells are not downgradient of the site.

o Locations 8 and PW (PW-01 and PW-02 respectively) that are
south of the site were selected because they were the
closest representative downgradient wells. Locations 9, 26
and 40 were not selected because they are in or adjacent to
an auto junk yard and or body shop. Location 20 was not
selected because it is a bedrock well.

Well pumps were run for at least 15 minutes prior to sampling to purge
standing water form the well casing and annulus. Municipal and private well
samples were not filtered. Duplicate samples were collected from private
well PW-01 and from municipal well MW-01.

All groundwater sampling equipment was decontaminated as outlined in Appendix
A. Each sample was shipped to the designated analytical laboratory on the
day it was collected.
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2.6 Hydroaeoloqic Field Investigation.

Hydrogeologic information required for the RI included geologic descriptions
of the subsurface conditions, surface water and groundwater levels, and
hydraulic properties of the aquifers.

2.6.1 Surface Water and Groundwater Levels.

2.6.1.1 Staff Gages.
To provide information concerning the interaction between groundwater and
surface water, staff gages were installed at 10 locations in the major
surface water bodies in the site vicinity. Site locations included several
locations along the Blue River, in the fresh water pond, and in the wetland
area. The locations of staff gages are shown on Figure 7.

2.6.1.2 Well Nests.
As previously discussed, three additional shallow monitoring wells one
intermediate well and three deep monitoring wells were constructed during
Phase II. The three deep well and one intermediate well locations were
selected adjacent to shallow wells in order to provide vertical hydraulic
gradient data.

2.6.1.3 Piezometers.
As discussed previously, the water levels in the upper aquifer monitoring
wells, which were installed in Phase I, indicated that the freshwater pond
caused a mound in the water table. To evaluate the relationship between the
the pond and upper aquifer, four piezometers were installed, one on each side
of the freshwater pond.

2.6.2 Slug Tests.
Permeability tests were conducted in the upper aquifer by conducting slug
tests at 10 Phase I monitoring wells. The first step in the procedure after
each well had been developed was to measure and record the static water
level. Then the well being tested was instrumented with a pressure
transducer, calibrated to read out water level changes in feet. It was
connected to an electronic data logger. After activating the data logger, a
volume of water was displaced by quickly lowering a solid slug into the well.
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Water level in the well was measured by the pressure transducer, and recorded
in minutes by logarithmically increasing the time steps on the data logger.
The first 10 time steps were at the following elapsed time: 0, 0.003, 0.007,
0.01, 0.013, 0.017, 0.020, 0.233, 0.026, 0.03. All of the wells tested
recovered within a few seconds, indicating high hydraulic conductivity
values. Permeability values were calculated using the Bouwer and Rice (1976)
method for a partially penetrating well in a water table aquifer.

2.6.3 Pumping Test.
A limited pumping test was conducted at the site in 1984 for the Risk
Assessment (Beranek, 1984). Columbia City Well #7 was pumped for 6 hours and
water levels were observed in 3 wells on the WRR Site screened in the lower
aquifer. The results of this earlier test indicated that pumping the
Columbia City well (1) significantly changed groundwater levels in the lower
aquifer, and (2) caused lowering of water levels in some of the monitoring
wells screened in the upper aquifer.

A passive pumping test was conducted during Phase II of the RI investigation
for three purposes: to provide information concerning the hydraulic
properties of the lower aquifer, to provide information concerning the
hydraulic connections between the upper and lower aquifers, and to document
the effects that pumping of the city wells have on groundwater levels at the
WRR Site. City Well 18 has a higher pumping rate and is located closer to
the WRR Site than Well #7. Consequently, it exerts a potentially greater
influence on the hydrogeologic system and was therefore selected as the well
for conducting the passive pumping test.

The wells monitored during the pumping test are shown on Figure 11. The
pumping schedule, water levels in several monitoring wells, and the
barometric pressure were recorded during the week of August 22-26, 1988, and
the results, for four wells screened in the lower aquifer at the WRR Site are
plotted on Figure 12. Four lower aquifer wells on the WRR Site were used as
observation wells during the pumping test (Figure 11). The observation wells
are located between 700 and 1300 feet from Well #8; drawdowns observed during
the pumping test ranged between 3 and 5 feet.

The pumping test was conducted by over-riding the automatic pump start-up
system and scheduling 8 hours of continuous pumping followed by 12 hours of
recovery from 1:15 pm August 24 to 9:15 am August 25. The pumping test
provided water levels representative of aquifer conditions during pumping and
after recovery and it provided information which could be used to calculate
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the hydraulic properties of the lower aquifer. Water levels were also
measured in most of the shallow monitoring wells on the site, and in the
surface water bodies during the drawdown and recovery phases. Changes in the
water levels at some of these points were used to assess the hydraulic
connection between the lower and upper aquifers and between the upper aquifer
and surface water.
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3.0 PHYSICAL CHARACTERISTICS OF STUDY AREA

The previous section described the specific tasks which were completed during
each of the phases of the Investigation. The remainder of this section
presents a synthesis of the natural system, Including the surface features,
topography, hydrology, geology, and hydrogeology.

3.1 Surface Features and Topography.

The areas surrounding the WRR Site are a mix of residential, commercial, and
agricultural land. A lumber yard with saw mill (Holmes & Co.) 1s located
along most of the northern border of the site and about six acres of this
property 1s Included as part of the WRR Site. The closed Columbia City
Landfill makes up the northeastern part of the site. The Blue River flows
south along the eastern border and curves to the west to also form the
southern border of the site. The municipal cemetery and a small residential
development lie along the western and northern boundary. East, across the
Blue River, is a small industrial park. The property across the river to the
south is used for agriculture.

The linear nature of Blue River, with its 90-degree bend at the southeast
corner of the site, suggests that the river has been channelized Into Us
present configuration. Steep banks lead down to the water surface, which is
10 to 15 feet below the generally flat ground surface on either side of the
river. Prior to channelization, the river would have followed a more
meandering pattern across this flat area, the flood plain. The sludge ravine
may have been part of a previous, natural river channel. The site's natural
topography can be separated Into two distinct areas, the floodplain and an
upland area. This division 1s delineated on the topographic map (Figure 2) as
an Indian Treaty Boundary Line. The line also demarks the current Columbia
City limits.

Significant man-made topographic features include the landfill, numerous
excavations on the site, and the previously mentioned channelized Blue River.
The landfill at the northeast corner of the site measures 500 feet north to
the south and several hundred feet wide from west to east. The east side
rises steeply away from the river to a height of about 35 ft above river
surface level. On the south 1t rises equally steeply, 25 ft above the flood
plain surface. The top of the landfill 1s Uttered with rusting appliance
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carcasses, the side slopes are vegetated with scrub trees which appear to be
20 to 30 years old.

The major surface features are marked on an aerial photograph (Figure 3).
Three major excavations at the site are the "fresh water pond", the "sludge
ravine" area and the "discolored area". The pond extends about 250 ft north
to south and about 100 ft east to west. As the name suggests, the "sludge
ravine" was originally a ravine which was filled in with waste. Prior to
channelization, it may have been part of the natural course of the Blue River.
Waste which had been disposed of in the ravine and surrounding discolored soil
was excavated from the area in 1986 pursuant to the EPA Administrative Order
on Consent. The excavation extends about 10 ft below ground surface (to the
water table) and is about 200 ft long west to east. It is about 60 ft wide at
the west end, decreasing in width to a point at the eastern end. The
"discolored area" was excavated in 1988 as a part of an Administrative Order
issued by EPA in February 1988. The "discolored area" is "L" shaped and is
100 feet long at its base, 100 feet high, 50 feet wide and about six feet
deep.

Several other small depressions were apparently excavated by the operators of
WRR. The two most evident excavations are the "tar pit" and the "oil
decanting pit". In 1986, visibly contaminated soil in these areas was
excavated and disposed of off site pursuant to the EPA Administrative Order of
Consent. The tar pit is a circular excavation about 15 ft across; the oil
decanting pond is angular, about 50 ft in diameter.

The ground elevation above mean sea level (amsl) ranges from about 812 ft in
the channel of the Blue River, to 825 ft on the flood plain area, to 840 ft on
the uplands on the site. The elevation of most of Columbia City is about 850
ft and the elevation of the top of the landfill is about 850 ft.

A water tower is located just across the river to the southeast of the site.
The city well field is located north of the landfill. A U-shaped primary
water main loops to the west from the well field, through Columbia City, then
south and then back east to connect with the water tower.
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3.2 Regional Geology.

The Columbia City area was repeatedly glaciated during the Quaternary Epoch
and the bedrock 1s overlain by approximately 200 ft of unconsolldated glacial
material. Precambrian basement rocks are located beneath about 3,000 ft of
relatively flat-lying sedimentary rocks. A generalized regional geologic
cross section 1s presented in Figure 13.

3.2.1 Surflcial Geology.
The surfidal geology 1n the Columbia City vicinity is the result of the most
recent glaciation (Wisconsinan). Areas are located north and west of the City
which show a mixture of both ground and end moraines. South and southwest of
the City, occasional deposits of sand and gravel outwash are observed along
the Eel River. The moraines, considered to be part of the Lagro Formation
(Wayne, 1963) are typically 200 to 300 ft thick, consisting mostly of a clayey
till with little sand. Between several of the end moraines, deposits of
outwash material are found. These appear to be members of the Atherton
Formation. The sediments of the Atherton Formation consist of gravel, sand,
silt and clay; they resulted from glacial activity, but were deposited
extraglacially as outwash valley trains (Wayne, 1963).

The published geologic literature has little detailed Information about the
glacial deposits or stratigraphic sequences in northeastern Indiana. The
Columbia City area 1s located in a zone where two separate lobes from the
Wisconsinan glaciation collided or overlapped. One lobe travelled down the
Lake Michigan trough, and the other flowed out from Lake Erie. The regional
glacial geologic map of the Fort Wayne area (Johnson and Keller, 1972)
indicates there are significant areas of glacial outwash along the Eel River
and also at locations along the Blue River. Outwash deposits appear to
outcrop at the surface along the west bank of the Blue River for several miles
north of Columbia City, directly north of the WRR site along the Blue River.

A regional geologic map (Burger, et al, 1966) indicates the bedrock surface 1s
at an elevation of approximately 600 ft amsl beneath Columbia City.
Therefore, the total thickness of unconsolldated glacial materials 1s in the
range of 200 to 250 ft. Well logs were obtained from the Indiana Department
of Natural Resources (DNR) for water supply wells in the Columbia City
Vicinity. Those which extend deep enough confirm that bedrock is located
approximately 200 ft below ground surface.
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3.2.2 Bedrock Geology.
The bedrock beneath Columbia City 1s Devonian-aged limestone and dolomite of
the Traverse and Detroit River Formations. The bedrock surface dips gently to
the northwest. A dendritic drainage pattern appears to be expressed on the
bedrock surface beneath northeastern Indiana. This pattern probably Indicates
a period of exposure and weathering prior to glaciation. A branch of the
burled bedrock valley, oriented from east-northeast to west-southwest, Is
located just to the south of the site. Total relief of the bedrock surface 1s
probably less than 50 ft locally.

The Traverse and Detroit River Formations are typically dense, cherty
limestones and dolomites (Shaver, et al, 1986). The Wabash Formation, which
comprises the bedrock surface in the bedrock valley just to the south of
Columbia City, is also cherty limestone and dolomite.

3.3 Surface Water Hvdroloav.

Major regional drainage patterns are oriented from northeast to southwest
along the axis of the glacial moraines which were formed by the Wisconslnan
glaciers. The Blue River, which bounds the WRR site on the east and south,
follows this general trend, as does the Eel River, which the Blue River flows
into about 2.5 miles south of Columbia City.

The Blue River flows from northeast of Columbia City, past the WRR site on
both the east and south boundary. After passing the site, the river turns
again southward where, after a couple of miles, it flows Into the Eel River.
Water levels in the Blue River adjacent to the WRR site measured 1n October
1988 indicate that the river gradient is approximately 0.002 ft/ft.

There are scattered small lakes around Columbia City; some are apparent on the
U.S.G.S topographic map, although only one is located within the area covered
by Figure 2. Some appear to be natural, others apparently are the result of
past gravel mining operations. The water levels in the lakes are generally
expressions of the local water table.
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3.4 Regional Hvdrogeologv.

Columbia City 1s located on the outwash zone between two moralnal areas, and
therefore, the unconsolidated glacial deposits in the Columbia City area
contain extensive deposits of sand and gravel. These are generally productive
aquifers and so there has generally been no need to develop water supplies
from the underlying bedrock. The aquifers of significance to this
investigation are two sand and gravel aquifers within the upper 200 ft of the
glacial deposits.

The Indiana Department of Natural Resources (DNR), Water Resources Division
reported records of 55 wells within approximately two miles of the WRR Site.
Locations for the wells are plotted on Figure 10. The well logs are included
in Appendix D. Pertinent information regarding each well has been summarized
in a table included at the beginning of the Appendix.

The three Columbia City municipal wells are among those listed. The Columbia
City well field is located just north of the WRR Site along the Blue River.
Of the three wells, two (#7 and #8) are used alternately by the City utilities
to keep the two city water towers (reservoirs) filled. Use of well 16 has
recently been discontinued because a leak had developed in its casing and sand
had been drawn into the pump. Well 18 pumps at approximately 1500 gpm and is
located within 100 ft of the site. Its location is shown on many of the site
maps (including Figures 7 and 10). Well 17, with a pumping capacity of about
1200 gpm, is located about 600 ft northeast of well 18. City pumping records
indicate that the pumps are active approximately 8 to 10 hours per day.

3.5 HvdroaeolQQV in the Vicinity of the WRR Site.

To accomplish the objectives of the RI, soil borings were made, monitoring
wells were completed, water levels were measured in ground-water and surface
water, a pumping test was conducted, and numerous soil, sediment, surface
water and groundwater samples were collected. Section 2.0 of this report
describes in detail, the procedures and techniques which were followed in each
sub-task of the investigation. The sections which follow present an analysis
of the natural hydrologic and hydrogeology system on the basis of the data
compiled for this Investigation and previous studies.
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3.5.1 Site HvdrostratlaraDhv.
The three Phase II lower aquifer monitoring wells (MM-ID, MW-8D and MW-13D)
were drilled to a depth of about 150 ft below ground surface and the logs for
these wells provide a major part of the stratigraphlc Information for the
site. None of the borings was extended to bedrock, however, the boring log
for Columbia City Well 18 indicates that bedrock 1s located at about elevation
646 ft (amsl), or about 190 ft below ground surface.

Four hydrostratigraphic units can be defined in the unconsolidated material
above bedrock at the WRR Site.

o The vadose zone extends from ground surface to the water
table and varies in thickness from a few feet to 25 or 30
ft, depending on surface topography.

o The upper aquifer ranges in thickness between 5 and 30 ft,
depending on the water table elevation and the presence or
absence of confining layers.

o An aquitard or confining layer is found between the upper
aquifer and the lower aquifer and appears to be between 20
to 40 ft thick.

o The lower aquifer extends from the confining layer down to
the bedrock surface, at approximate elevation 646 ft
(amsl), and appears to be up to 100 ft thick.

3.5.1.1 Geologic Cross Sections.
Figure 14 is a base map for the site showing the locations of five geologic
cross sections. Cross sections A-A', B-B' and C-C' transect the site from
west to east; cross sections D-D' and E-E' transect the site from north to
south.

A sandy upper aquifer was encountered in all borings across the site. It
appears to be unconfined at 11 of the 18 shallow wells and piezometers
constructed during the RI, and it appears to be confined at five of the
shallow wells. At two monitoring well locations (MW-5S and MW-7S), it would
appear to vary seasonally between confined and unconfined conditions. Most of
the confined conditions occur in the southeast area, perhaps a result of flood
plain deposition from the Blue River.

Where the aquifer is confined, the saturated thickness is simply the thickness
of coarser grained materials, (sands or sand and gravel) between two confining
layers. Where water table conditions exist, the saturated thickness lies

WARZYN



Remedial Investigation Report REVISION: Final
Wayne Reclamation & Recycling, Inc. DATE: June 1, 1989
Columbia City, Indiana Section 3.0 -- Page 3-7

between the confining layer on the bottom and the water table. Because the
water table elevations varies through the year, the aquifer thickness varies
in the areas 1n which the aquifer is unconfined.

The base of the upper aquifer is defined by the upper surface of the confining
layer. Three borings were made through the confining layer for this
investigation, for construction of monitoring wells MW-1D, MVI-8D, and MW-13D.
In addition, boring logs were obtained for several of the deep wells
previously constructed 1n the site vicinity (PH well, Columbia City well 18,
and the "83" series wells (Logs have been obtained for these wells and are
included in Appendix C-2).

On the basis of the boring logs for these wells, the base of the upper aquifer
is generally found between 790 and 800 ft. Therefore, the thickness of the
upper aquifer varies in thickness up to about 30 ft. The base of the
confining layer is generally found at elevation 765 to 772. On the basis of
the limited number of borings through to the lower aquifer, it appears the
confining layer is thickest in the south and thins to the north. Cross
section C-C' Indicates it is about 40 ft thick along the southern border of
the site; Cross section A-A indicates that is about 20 ft thick along the
northern border.

None of the borings for this investigation were extended through the lower
aquifer to the bedrock. But boring logs for water supply wells in the
vicinity indicate that the bedrock (bottom of the lower aquifer) 1s located at
about 650 ft. The three deep monitoring wells for this investigation were
installed at approximate elevation 700 ft. Therefore, the lower aquifer is
probably between 50 and 100 ft thick. Water supply well logs also indicate
the geologic formation grades from coarse sand and gravel just above the
bedrock, to silty sand near the top of the aquifer.

3.5.1.2 Soils Laboratory Results.
Information about the physical properties of each of the hydrogeologic units
was obtained by submitting 12 soil samples to the Warzyn soils laboratory for
Atterburg limits tests and grain-size analysis. Two samples were selected to
represent the vadose zone, three samples were selected to represent each of
the aquifers, and four samples were selected to represent the confining layer
between the aquifers. Results of the physical property tests are summarized
in Table 3. Completed laboratory test sheets are Included in Appendix E.
Laboratory permeability tests were not conducted because the results would
have been less representative than the In-situ tests (ball tests and the
pumping test) which were conducted.
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Both samples selected to represent the vadose zone Indicate the surfidal
soils are fine grained. The sample from the upland area had a greater
percentage of fines (silt and clay), while the sample from the southeast area,
in the flood plain, had a higher percentage of sand. Both samples were tested
for Atterburg limits, indicating generally cohesive soils.

Samples tested for the upper aquifer Indicate it 1s primarily a sand aquifer
with few fines and less than 20 percent gravel. Atterburg limits tests were
not possible on the samples. Grain-size analysis indicated the confining
layer is primarily clayey and sandy silt. The sample tested from the deeper
aquifer, at monitoring well MW-13D, was mostly silt with only very little
coarse material (sand) and about 20 percent clay.

Samples submitted to represent the lower aquifer also indicate a primarily
sand aquifer with some fines (15 to 25%) and some gravel. However, the
samples were collected from the upper part of the aquifer and therefore they
may not have been representative of the whole aquifer. Records Indicate water
supply wells in the WRR Site vicinity that are completed in the lower aquifer,
are often completed deeper than 150 ft. Also, in general terms, fluvlally
deposited aquifers, as the lower aquifer appears to be at this location, often
show grain size is coarser with depth. Both these reasons suggest the lower
aquifer grades to a sand and gravel aquifer nearer to the bedrock contact.

3.5.2 Upper Aquifer Characterization.

3.5.2.1 Monitoring System.
A total of 14 monitoring wells were constructed in the upper aquifer during
the two phases of Investigation. Monitoring well MW-5S was constructed to act
as an upgradient well; monitoring well MW-6S was placed in the municipal
landfill; monitoring wells MW-14S, MW-9S, HW-13S, MW-11S and MW-12S were
placed along the Blue River; monitoring well MW-2S was placed near the sludge
ravine; monitoring wells MW-7S, MW-4S, MW-8S and MW-1S were constructed in the
interior of the site; and MW-3S, MW-10S and MW-11S were placed in the
southeast area. In addition, the fresh water pond was surrounded by four non-
sampling piezometers. Upper aquifer wells and piezometers were screened to
intersect the water table. The boring logs for each well are compiled in
Appendix C-l. The Appendix 1s prefaced with a table which summarizes the well
construction details.
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3.5.2.2 Groundwater Flow in the Upper Aquifer.
Water levels were collected at the WRR Site at 11 times between Hay and August
1988. Results are summarized in Table 4. Water table/potentiometric maps
have been constructed for May 3, 1988 data (Figure 20) and for the water
levels after recovery of the pumping test in August (Figure 21). The
relatively evenly spaced potentiometric contours along the northern part of
both maps indicates the groundwater flow direction is generally from west to
east in the upper aquifer. Staff gages at several locations in the Blue River
show the river water elevation is consistently 1/2 to 1 ft lower than the
groundwater elevations in the monitoring wells in the upper aquifer adjacent
to the river. The resulting pattern, as mapped on both upper aquifer
potentiometric maps, shows steep hydraulic gradients adjacent to the river,
indicating the upper aquifer discharges to the river. Three factors could
account for the steeper contour line spacing: (1) aquifer permeability may
decrease, (2) aquifer transmissivity may decrease, because perhaps the aquifer
gets thinner to the south (see cross section D-D, Figure 18) and (3) there may
be poor hydraulic connection between the upper aquifer and the river.

The staff gage in the fresh water pond indicated water elevations which were
higher than the surrounding groundwater during the spring (Figure 20). The
higher pond level 1s shown by the concentric potentiometric contour lines
surrounding the pond. This indicates radial groundwater flow out of the pond,
which locally reverses the gradient to the west of the pond. Later, during
the drier part of the year (Figure 21), groundwater levels were higher to the
west of the pond and lower to the east, indicating groundwater flow-through
conditions. The pond still skews groundwater flow patterns locally at its
northern end in the August map. Because of the unusual drought conditions
during the summer of 1988, this map 1s probably a good representation of low
flow conditions.

Water elevations in individual monitoring wells varied by two to three ft
between Hay and August, but the direction of groundwater flow was
significantly changed only around the freshwater pond. Horizontal gradients
have been calculated for three zones across the site for both Hay and August
conditions (Table 5). The gradient between monitoring wells HW-5S and HW-6S
represents the average gradient from west to east in the upper aquifer,
unaffected by the seasonal recharge from freshwater pond, or by discharge to
the river. The gradient was 0.0015 (ft/ft or unitless) in Hay and 0.0007 in
August, indicating a 50 percent decrease between spring recharge and low flow
conditions.
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Hydraulic gradient on the east side of the pond 1s represented by the
differences 1n water level between monitoring wells MVI-10S and MW-11S. It
shows a four-fold decrease In gradient from 0.0051 1n May to 0.0012 1n August.
The gradient 1s least changed by seasonal differences on the west side of the
pond, where the gradient between monitoring wells MW-5S and MW-8S was 0.0010
in May and 0.00085 in August, a decrease of about 15 percent.

Water levels declined in upper aquifer monitoring wells during the pumping
test. Total changes ranged from 0.02 ft at monitoring well MW-12S to 0.68 ft
at well MW-11S, but these changes did not significantly change the direction
of the horizontal hydraulic gradients in the upper aquifer across the site.

A staff gage was placed in the wetland along the north boundary of the site to
provide surface water elevation in the wetland (location was about 50 feet
north of MVI-7S). When compared to the water level 1n the nearby monitoring
wells (MW-4S and MW-7S) it was found that the wetland water elevation 1s
approximately 20 ft higher than the water table. Therefore, 1t can be assumed
that there 1s little hydraulic connection between the wetland the upper
aquifer.

Water levels measured during the pumping test of City Well #8 Indicated a
downward gradient from the upper aquifer where water levels were measured, so
it is possible the upper aquifer also discharges areally through the confining
layer to the lower aquifer.

The probable source of major recharge for the upper aquifer is through the
infiltration of precipitation. Diffuse areal recharge is probably common
across the whole area. Water levels in the upper aquifer at the northwest
part of the site were the highest recorded at all measurement times. The
excavated area near the cemetery 1n the northwest part of the site may be an
Infiltration area, and it may cause a mounding of groundwater in this area.

3.5.2.3 Hydraulic Properties of the Upper Aquifer.
Slug tests were conducted at 10 upper aquifer monitoring wells during Phase I
of the investigation. Field procedures used to conduct the slug tests are
described in Appendix A and raw data and calculations are included as Appendix
G. Permeability values, summarized on Table 6, range from 1.0x10'? cm/sec (29
ft/day) at monitoring well MW-6S, to 3.7xlO'l cm/sec (1,040 ft/day) at MW-9S.
The average value for the 10 upper aquifer wells 1s 6.0xlO'2 cm/sec (170
ft/day).
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Values of storat1v1ty/spec1f1c yield cannot be derived from slug test data
collected and analyzed by these methods. However, the porosity of a coarse
sand and gravel aquifer 1s normally 1n the range of 25% (Freeze and Cherry,
1979). Where the aquifer 1s unconflned, the specific yield can be estimated
as the same order of magnitude as the porosity (0.25).

3.5.2.4 Groundwater Seepage Velocity.
Estimates of the groundwater seepage rate in the upper aquifer can be
calculated with the following equation (Freeze and Cherry, 1979), using the
values for permeability (K), the hydraulic gradient (i) and the effective
porosity (n).

K i where: Vs - Seepage Velocity
----- K - Permeability
n i - Hydraulic Gradient

n - Effective Porosity

Although the hydraulic gradients across the site vary annually (because of
recharge differences) and vary spatially (because of local controls including
the pond and the river), a value of 0.0015 represents a reasonable average
horizontal gradient.

On the basis of the average permeability value of 6.0xlO~2 cm/sec (170
ft/day), the hydraulic gradient of 0.0015, and an effective porosity of 0.25,
it can be calculated that the average groundwater seepage rate 1n the upper
aquifer is on the order of 1.0 ft/day or 365 ft per year. Seepage rates could
vary annually and locally because of variations in gradient and permeability.
On the basis of the lowest horizontal gradient measured at the site (0.0007),
and the lowest permeability value (29 ft/day), the lowest probable groundwater
seepage rate would be on the order of 30 ft/year. On the basis of the highest
horizontal gradient measured within the upper aquifer (0.0051), and the
highest permeability value (1043 ft/day), the highest local groundwater
seepage rate could be on the order of 8000 ft/year (although it would occur
only locally in small, isolated areas).

Significantly steeper hydraulic gradients have been plotted along the east and
south site boundaries adjacent to the Blue River. These result from the
assumption that groundwater is discharging to the river and they Indicate that
the permeability of the zone between the upper aquifer and the river bed has a
much lower value than the value within the aquifer Itself. Because these
permeability values have not been directly determined, a groundwater seepage
velocity in these areas were not calculated.
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3.5.3 Lower Aquifer Characterization.

3.5.3.1 Monitoring System.
The three lower aquifer monitoring wells constructed in Phase II of the
Investigation were arranged in a triangular pattern. Each was placed adjacent
to a shallower well thus forming well nests at three locations. Monitoring
Well MW-1D was located 1n the area south of the old city landfill (Wells MW-1S
and MW-1I completed a three-well well nest). Monitoring well MW-8D was
constructed in approximately the center of the site, about 400 ft southwest of
MW-1D. Nearby, MW-8S forms a two-well nest at this location. Monitoring well
MW-13D was constructed near the Blue River at the south border of the site
near the east side (adjacent to MW-13S). Monitoring well MW-9S is located
within 75 ft of PH well; together, they were also considered a well nest for
this investigation.

3.5.3.2 Groundwater Flow in Lower Aquifer.
Water level monitoring during the field investigation week of August 22 - 26
(Monday through Friday) indicated pumping from the city wells located north of
the WRR Site does significantly affect the potentiometric surface and
hydraulic gradients within the lower aquifer. During the pumping test from 1
pm August 24 to 9 am August 25, groundwater levels were measured at on-site
wells every two to three hours by the field investigation team. In addition,
13 of the wells were instrumented with pressure transducers connected to
electronic data loggers.

As has been explained, water levels in upper and lower aquifer monitoring
wells showed decreases during the pumping phase. While the water level
changes in the upper aquifer did not affect gradients and flow direction to a
significant degree, extended pumping did reverse the gradients 1n the lower
aquifer. A plot of the pumping activities during the week of the pumping test
(Figure 12) shows that the pump was active several times each day, usually for
periods of 4 to 6 hours. City utilities personnel explained that the pump is
automatically switched on and off by water level sensors in the reservoirs.

Water levels were recorded in monitoring well MW-1D starting on Monday and
continuing through Friday, and, in MW-8D, MW-I3D and well PH, from Tuesday to
Friday. Water levels were never static (Figure 12) but were either falling
during pumping or rising during recovery. Water levels were collected at the
end of the 8 hour pumping test and after the 12-hour recovery following the
test. These levels represented extremes in the water levels or end-points in
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the continuum between extended pumping and maximum recovery. The water
elevations at surface and ground water monitoring points for these end-points
are listed on Table 7. Total change in water level between lowest drawdown at
the end of the test and after recovery has also been calculated.

The potentiometric surface was plotted for the water levels measured in the
lower aquifer at the end of the eight hour pumping test (Figure 22). It shows
that the gradient is directly toward the pumped well at the north side of the
site. The hydraulic gradient, calculated between monitoring wells MW-13D and
MW-1D, was 0.0011 (0.71 ft/650 ft).

A potentiometric surface was also plotted for the water levels representing
the aquifer condition after 12 hours of recovery (Figure 23). It Indicates
that, in the absence of pumping, there is a regional gradient beneath the WRR
Site trending from the northwest to the southeast. The hydraulic gradient
calculated between monitoring wells MW-8D and MW-13D was 0.0015 (1.01 ft/680
ft).

3.5.3.3 Hydraulic Properties of the Lower Aquifer.
The normal pumping schedule of Columbia City Well #8 was modified to conduct a
pumping test to calculate hydraulic properties of the lower aquifer. The
duration of the pumping test was dictated by reservoir capacity and water
usage in Columbia City. The two city water reservoirs were allowed to nearly
empty before the test was started, and then they were filled to nearly
overflowing for the drawdown phase. The timing was selected so that pumping
would occur during the daytime when water use would be highest, and recovery
would take place when water use was lowest (during the night). This allowed
for the longest possible pumping period and the longest possible recovery
period.

The pump started automatically at 7 am on Wednesday before City employees
arrived at work. But it was shut down within about an hour to allow drainage
of the reservoirs, and re-recovery of the aquifer. The pump was started at
1:15 pm on Wednesday and run continuously until 9:15 pm. Several changes are
evident in the drawdown curves (Figure 12) during the first half hour of the
test, because City crews were attempting to stabilize the pumping rate close
to 1500 gpm (200 cfm). The total volume of water pumped was 746,000 gallons,
yielding an average pumping rate of 1554 gpm (208 cfm) during the 8-hour test.
The pump was not re-started until 9:30 am the next morning, allowing 12 hours
of uninterrupted recovery.
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Among the numerous methods available for analyzing pumping test data, two
methods, the Jacob straight-line method (Kruseman and deRidder, 1970) and the
Log-log curve match leaky aquifer (Log-log method) method (Lohman, 1972) were
selected as potentially consistent with the hydrogeologic conditions on the
site and providing reasonable models for the observed responses. The raw
data, plots of data curves, and calculations are included in Appendices H-l,
H-2, and H-3, respectively.

Both pumping test analysis methods yield transmisslvity (T) and storatlvity
(S) values. Permeability (K) can be estimated as the transmisslvity divided
by the aquifer thickness. On the basis of the boring logs and derivative
cross sections, the aquifer was assumed to be 100 ft thick. The values
calculated by both methods are summarized for each observation well in Table
8. Average values are calculated for both analysis methods and the
transmissivity/permeabillty values agree within about 30 percent.

Calculated storativity values differed by two orders of magnitude. The
probable reason for the discrepancy 1s evident when the assumptions Implicit
in each analysis method are evaluated. The Jacob method assumes (among other
things) the aquifer being pumped is homogeneous and isotropic, of infinite
areal extent, and confined, with no recharge to the aquifer. The Log-log
method is based on the same equation, but allows for leakage into the aquifer
from an overlying or underlying confining layer. Therefore, the discrepancy
between the storativity values calculated by the two methods is attributed to
this leakage factor.

Observations at the upper aquifer wells during the pumping test indicate water
levels in the upper aquifer declined at measured locations (Table 7),
suggesting there is leakage from the upper aquifer to the lower aquifer.
Given the same transmisslvity value, both leakage from the aquifer above and a
higher storativity value would result in less drawdown at a given observation
well. Therefore, it 1s likely the Log-log method gives storativity and
transmisslvity values which are more representative of lower aquifer
conditions at the site. The high storativity value calculated from the Jacob
method is attributed to recharge through the confining layer.

The Log-log method is based on the concept that leakage into a confined
aquifer during a pumping test causes the observed drawdown at a well to
deviate from the ideal Theis curve during the later part of a pumping test,
when leakage provides recharge. The Log-log curve for an aquifer with no
leakage is Identical to a Theis Curve, and for the early part of a pumping
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test, the curves for each observation well follow the steep part of the Theis
curve. However, later in the pumping test, the curves flatten out, plotting
lower than the Theis curve, because leakage effects diminish further drawdown.

The transmissivity, storativity and leakance values calculated by the Log-log
method are summarized in Table 8. The average permeability of the lower
aquifer was calculated to be 4.8xlO'2 cm/sec (140 ft/day), the average
storativity was calculated to be 3.6x10"^ (unitless), and the average vertical
permeability (K) was calculated to be 0.05 ft/day.

The log-log time-drawdown curves for each of the observation wells (MVI-1D, MW-
80, MW-13D and PH well) used during the pumping test (Appendix H-2) were found
to match the "v^/u-O.Z" Log-log curve best. However, because the pumping test
was relatively short in duration, the flattening of the curve only extends a
short distance. If it had been possible to conduct the pumping test for a
longer period of time (e.g., 24 or 48 hours), there would probably have been a
longer flattened section of the curve, and it might have been possible to
obtain a more accurate leakage factor. Permeability and storativity values
have been rounded to two significant figures, but the leakance factor had to
be rounded to one significant figure.

An analytical model based on the Theis equation (Walton, 1985) was used to
further evaluate the pumping test results. The pumping rate and duration was
simulated in a model using the transmissivity/storativity combinations derived
by both methods (A print out of the Fortran code is included in Appendix I).
The model is limited to the assumptions of the Theis equation enumerated above
for the Jacob Method. The modeling indicated the lower storativity value
(3.6xlO~4) was more consistent with the observed cone of depression which
formed during the pumping test. The simulation of the pumping test with the
higher storativity value (2.5xlO~2) yielded drawdowns which were only a
fraction of the drawdowns actually observed during the pumping tests, and
which did not reverse the gradient across the site (as was observed during the
pumping test).

To further evaluate the pumping test data, a computer program was used that
superimposes the Theis equation drawdown on a regional gradient. The program
(model) was used to simulated two scenarios, using the average transmissivity
and storativity values calculated by the Log-log curve match analysis. The
first scenario was to model the lower aquifer conditions without pumping,
(simulating after recovery conditions). Figure 29 shows the result, a
regional gradient toward the southeast, onto which the change due to pumping
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will be superimposed. For the first scenario, an 8-hour pumping test was
super-imposed on the regional gradient (Figure 30). It shows at least two
significant differences from the plot of water levels observed in the lower
aquifer at the end of the pumping test (Figure 22): 1) water levels are
generally lower (drawdowns are greater) at the four observation wells and 2)
the potentiometric contour lines show a different orientation.

The generally lower simulated water levels can be anticipated, because the
model does not account for the leakage from the upper aquifer. However, the
simulated potentiometric surface during pumping (Figure 30) is oriented much
more radially around the pumped well, and suggests a generally west to east
gradient in the lower aquifer beneath most of the site. The observed
potentiometric surface (Figure 22) indicates the actual gradient is oriented
more toward the north during pumping. This difference results from observed
levels at monitoring well MU-8D and the PH well, which show a greater drawdown
than does the simulation. A possible explanation is that the calculated
storativity was lower at these wells.

A second basic analytical model was used to derive an approximation of the
leakage volume from the upper to lower aquifer during the pumping test. The
method uses the Hantush-Jacob equation (1955), which was incorporated into a
model format by Ualton (1985). The model calculates a drawdown for a well at
a specified distance from the pumped well on the basis of the aquifer
transmissivity and storativity, the vertical permeability of the confining
layer, and the pumping rate and duration. The model was used iteratively for
each observation well location, varying values for the vertical permeability
(K) of the confining layer, until the simulated drawdown matched the observed
drawdown. The model input variables and resulting vertical permeability
values are summarized in Table 9. A listing of the model, and input and
output values are included in Appendix 1-3.

A number of assumptions were made to calculate vertical permeability by this
method and so the modeled results should be considered as rough estimates
only. However, the results were in general agreement with the results derived
from analysis of the pumping test data.

A second scenario was conducted by superimposing the pumping test on the
regional gradient, but also simulating leakage across the site and simulating
lower storativity in the western part of the site. Leakage from the upper
aquifer was simulated by using low volume injection points in the areas of
major drawdown across the VIRR Site. The model used does not allow
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transm1ss1v1ty to vary spatially. To test whether decreased transm1ssiv1ty to
the west could be the cause of the greater-than-expected drawdowns, several
small volume discharge points were modeled in the vicinity of MU-8D. This
procedure 1s not a standard modeling procedure, but it can give a qualitative
Indication of the effects of decreased storativity. The result (Figure 31)
suggests the observed potentiometric surface in the lower aquifer at the end
of the pumping test results from a combination of (1) leakage from the upper
aquifer and (2) lower aquifer storativity to the west.

3.5.3.4 Groundwater Seepage Velocity.
Because variations in the pumping cause the hydraulic gradients to oscillate
from north to southeast, groundwater flow direction also has the potential to
oscillate between the two directions. Average maximum seepage velocities can
be calculated for each end member of the gradient extremes using the average
lower aquifer permeability value and the maximum gradients for the pumping
phase and the recovery phase.

Horizontal Average Effective Groundwater
Gradient Permeability Porosity Seepage Rate

Toward Well 0.0011 140 ft/day 0.25 0.60 ft/day
4.8x10-2 cm/sec

Regional Flow
to Southeast 0.0015 140 ft/day 0.25 0.80 ft/day

4.8x10-2 cm/sec

The regional gradient away from the City well field during recovery is
stronger than the local gradient toward the City well during pumping.
Furthermore, the City wells are pumped less than 50 percent of the time. In
the simplest case, it would appear that contaminants potentially reaching the
lower aquifer would 1n effect, "take three steps toward and four steps away"
from the City well field during a day with equal duration of pumping and non-
pumping phases.

The potential for contaminants to reach the lower aquifer can be assessed by
analyzing the groundwater flow system in three dimensions and evaluating the
interaction between the upper and lower aquifers.

WARZYN



Remedial Investigation Report REVISION: Final
Wayne Reclamation & Recycling, Inc. DATE: June 1, 1989
Columbia City, Indiana Section 3.0 -- Page 3-18

3.6 Interaction Between the Upper and Lower Aquifer.

The upper and lower aquifer both consist of coarser grained materials,
including sand and sand and gravel. They are separated by a layer of finer
grained materials which has been identified as the confining layer. It has
been shown the horizontal gradients within the upper aquifer are relatively
unaffected by changes 1n the potentiometric surface in the lower aquifer.
Nonetheless, after eight hours of pumping from the lower aquifer, water levels
had declined in all monitoring wells screened in the upper aquifer at the
site, indicating significant hydraulic Interaction between the two aquifers.
Water level declines in the upper aquifer during pumping ranged between 0.02
feet at monitoring well MW-12S, and 0.68 feet at MW-11S (maximum water level
declines at each well are listed in Table 7 and plotted on Figure 24). These
observations support the conclusion from the pumping test data that there is
leakage from the upper to the lower aquifer during pumping.

The leakage volume at a given location is proportional to both the magnitude
of water level decline and the storativity of the upper aquifer at that
location. Rate of rise hydraulic conductivity tests performed in the upper
aquifer at the VIRR Site do not permit the calculation of storativity values.
However, storativity values for confined aquifers are characteristically
several orders of magnitude lower than the storativity (or specific yield) for
unconfined aquifers (Freeze and Cherry, 1979, pp. 60-61).

The largest water level decline observed in the upper aquifer observation
wells during the pumping test was 0.68 feet at monitoring well MW-11S. This
drawdown may be readily explained by the presence of confining conditions in
the vicinity of this well and does not indicate a higher degree of
interconnection between the shallow and deeper aquifers at this point. Both
confining conditions and drawdown vary across the site in the upper aquifer
(Table 7). Areas of greater drawdown do not indicate that leakage is greater.
Rather, it is apparent that the variability observed in water level declines
in observation wells within the upper aquifer is primarily a function of the
water pressure conditions (i.e., confined or unconfined) within this aquifer.

As within an aquifer, the groundwater flow between aquifers is driven by
hydraulic gradients. To evaluate the potentiometric distribution between the
aquifers and across the confining layer, a series of cross sectional
potentiometric plots were made. To derive an accurate picture of the
potentiometric distribution, it is necessary to plot water level Information
on a cross section which 1s oriented parallel to the groundwater flow
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direction. Section B-B' was selected to represent the upper aquifer, because
the hydraulic gradient in the upper aquifer is from west to east. Section E-
E' was selected to show gradients in the lower aquifer, because the gradient
in the lower aquifer is from northwest to southeast. Two plots were necessary
for each section, one to evaluate the post-pumping potentiometric
distribution, and the other to evaluate post-recovery conditions.

Section B-B' is oriented from east to west and therefore best represents
groundwater flow in the upper aquifer, although it also yields valuable
information for the lower aquifer in post-recovery, because the lower aquifer
gradient has an easterly component. Figure 25 (Section B-B' with maximum
drawdown) shows the essentially horizontal flow in the upper aquifer with a
strong downward gradient to the lower aquifer through the confining layer.
Figure 26 (Section B-B' with maximum recovery) shows a similar horizontal flow
in the upper aquifer, although the gradient is steeper near the Blue River
than it was during the maximum drawdown. This implies a higher discharge rate
to the river. (River levels were observed to decline 0.01 foot during the
pumping test.) Vertical gradients are strongly upward and toward the Blue
River (from lower left to upper right in the Figure).

Both Figures 27 and 28 (Section D-D') are oriented perpendicularly to the
groundwater flow direction in the upper aquifer; therefore, they do not show
the major components of the gradients in the upper aquifer. Figure 27
(Section D-D' with maximum drawdown) shows a vertical downward gradient across
the whole site during pumping, which is apparent even in the upper aquifer.
It shows a local mounding in the upper aquifer in the southeast section
(between MW-10S and MW-3S), and it shows discharge to the Blue River from the
upper aquifer. The 0.32 ft decline in water level at MVI-1S suggests some
significant leakage from the upper aquifer in that vicinity.

Figure 28 (Section D-D' with maximum recovery) shows a strong upward gradient
is indicated across the northern two-thirds of the site. The potentiometric
distribution suggests there is a divergent flow at some depth below ground
surface on the southern third of the site. In general, the potential for flow
is upward from the lower aquifer toward the river, which is a discharge area.

As on map view contour plots, groundwater flow paths in the cross sections
have the potential to flow from higher numbered potentiometric contour lines
to lower number areas. Flow lines are refracted by changes in permeability.
In the cross sections for this project, the groundwater flow will tend to be
horizontal in the aquifers and vertical through confining layer. It should be
noted the cross sections are drawn with a 5 to 1 vertical exaggeration.
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The same reversal of gradient between upper and lower zones during pumping and
recovery can be analyzed numerically by calculating the vertical gradients at
each well nest. The calculations are summarized In Table 10. The downward
gradients at the end of 8 hours of pumping are three to four times greater
than the maximum upward gradients, which were measured at the end of 12 hours
of recovery. The gradients shown are maximum values. As with the horizontal
gradients, the field conditions are constantly oscillating between the two
extreme values. However, averaged over time, the vertical gradients may tend
to favor the downward transport of contaminants present in the upper aquifer.

The necessary values to calculate the leakage rate between the aquifers are:
the vertical gradient (i), the vertical permeability (K) and the area across
which the leakage occurs. Values of K and 1 have been estimated, from the
pumping test analysis (Table 8) and site observations (Table 10). Entered
into the following equation, these values can be used to make a rough estimate
of the maximum leakage volumes across the confining layer, driven by the
vertical gradients.

where: Qv
Kv

1
A

- Seepage Volume across defined area
- Vertical Permeability

of Confining Layer
- Vertical Hydraulic Gradient
- Area across which seepage occurs

Several factors limit the accuracy of the calculation.

o Vertical permeability value is valid to only one
significant figure.

o Vertical permeability value 1s likely to vary across the
site.

o The hydraulic gradients used represent maximum measured
values, yet observations indicate the gradients are
continually changing between these values.

o The hydraulic gradients vary spatially, having higher
magnitude closer to the pumped well, where drawdown 1s the
greatest.
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The calculations of vertical seepage rate in the vicinity of each deep well 1s
presented in Table 11. To facilitate comparison, the seepage rates were
calculated to represent average leakage across 1-acre area. The downward
leakage at maximum drawdown 1s three to five times greater than the upward
leakage volume during full recovery. Therefore, it would appear the potential
exists for the migration of contaminants from the upper aquifer to the lower
aquifer.

An approximation of maximum potential leakage from the upper to lower aquifer
under current conditions can be made from the hydraulic properties determined
in this study, and by assuming maximum probable pumping rates under the
present circumstances. The total leakage (L) for a given time span is the
product of the leakage rate (Qv), the area over which the leakage occurs (A)
and the duration of the leakage (T). The calculation in equation form is as
follows:

L * Qv • A • T

The average leakage rate (Qv) has been calculated (Table 11) for the WRR Site
as 50 cubic ft per day per acre (cfd/acre). If Columbia City well were to be
pumped continuously for 24 hours, the time (T) would be one day. The area (A)
of the WRR Site is approximately 30 acres (Twenty-four hours of continuous
pumping would probably cause somewhat greater drawdowns in the lower aquifer,
resulting in increased vertical gradient values. However, the increase would
not be significant considering the single significant figure of precision
imposed on the calculation by the Qv value). With these assumptions, the
variable values are:

Qv - 50 cfd/acre
A - 30 acres
T - 1 day

The calculated volume of leakage from the upper to lower aquifer beneath the
WRR Site during 24 hours of pumping would be approximately 1500 cubic ft per
day which 1s equal to approximately 8 gallons per minute. Or, of the 1500 gpm
produced by Columbia City Well #8, there 1s the potential that 8 gpm would be
derived from the upper aquifer on the WRR Site. However, the hydraulic
gradient is toward the city well in the lower aquifer only during pumping;
after (and perhaps during) recovery, groundwater flow reverses toward the
southeast as shown in Figure 23. Therefore, there 1s the potential for
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contaminants which might leak through the confining layer to be carried to the
southeast after recovery. The calculation of potential contaminant loading is
complicated because the potential for leakage into the lower aquifer occurs
only during pumping, while groundwater flow to the southeast occurs only
during recovery. If City well #8 were pumped continuously, there would be
maximum potential leakage but its pathway would be toward the well. The
pathway to the southeast only exists when the pump is off and recovery has
occurred. However, in that condition, the hydraulic gradient is upward so
there would be no potential for downward migration and consequent
contamination of the lower aquifer.

By generalizing the flow conditions, it is possible to make an approximate
calculation of the potential contaminant loading of the groundwater flux to
the southeast. Assuming that pumping causes a gradient reversal 50 percent of
the time, it can further be assumed that (1) leakage occurs and (2) a pathway
to the southeast exists, 50 percent of the time, albeit different times.

Groundwater flow occurs beneath the WRR site in an aquifer zone which is about
2,000 ft wide (from MW-14s to City Well #8, perpendicular to the regional
gradient). The lower aquifer is about 100 ft thick beneath the WRR Site, so
the flow path beneath the site has a cross sectional area of about 200,000
square ft. Using the following equation, with aquifer properties derived
elsewhere in this report, the volume of groundwater flowing through the
aquifer beneath the site is estimated to be 220 gallons per minute:

Qn - k-i-A

• Volume of horizontal groundwater flow
in the lower aquifer (volume/time)

k - Hydraulic conductivity in lower aquifer

i - Hydraulic gradient in the lower aquifer

A - Cross sectional area through which
groundwater flows beneath the site.

1.0 cubic ft/day - 0.0052 gallon/minute

It has previously been calculated that during pumping the potential leakage
from upper to lower aquifer is 8 gallons per minute. Therefore the potential
contaminant loading of the lower aquifer from the entire WRR site is on the
order of 1:30.
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4.0 NATURE AND EXTENT OF CONTAMINATION

This chapter provides a description of the chemical character of various
media at the WRR Site. Chapter 5 provides an analysis of potential
contaminant fate and transport.

Below is a summary of the sampling events considered in the evaluation of
media contamination:

o Soil/Waste - Split spoon subsurface samples collected in
February, 1988 (Appendix J-6) and July-August, 1988
(Appendix J-7) during drilling operations, and surface soil
samples collected in March, 1988 (Appendix J-8).

o Groundwater - Samples collected in March, 1988 and August-
September, 1988, from on-site monitoring wells (Appendix J-
3 and J-4) and private and municipal water supply wells in
September, 1988 (Appendix J-5).

o Surface Water - Samples collected in March, 1988 from on-
site ponds and the Blue River (Appendix J-2).

o Sediments - Samples collected in March, 1988 from the same
locations and concurrent with surface water sampling
(Appendix J-l).

Table 12 is a summary of field sampling activities, number of samples
collected and collection dates for Phases I and II.

The following describes the character and distribution of chemical
constituents in the media evaluated. The interconnections of media, and the
transfer of contaminants from one medium to another are also evaluated.

Compounds have been grouped together, where applicable, to assist in
evaluating contaminant migration. For instance, some of the organic
compounds detected are probable degradation products. Other organic
compounds have been grouped based on their similar chemical characteristics
and behavior in the environment. In addition, there are certain organic
compounds associated with degradation sequences (i.e., the formation of
breakdown products from the parent compound) which have been grouped
separately, such as the chlorinated ethanes and ethenes. Specific groupings
are discussed below:
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o Total Chlorinated Ethenes - Chlorinated ethenes including
tetrachloroethene (PCE), trichloroethene (TCE), total 1,2-
dichloroethene (DCE) and vinyl chloride. These compounds
represent a potential degradation sequence.

o Total Chlorinated Ethanes - Chlorinated ethanes including
1,1,2,2- tetrachloroethane, 1,1,2-trichloroethane,
1,1,1-trichloroethane, 1,2- dichloroethane and
chloroethane. These compounds represent potential
degradation sequences.

o Toluene
o Phthalates

o Pesticides/PCBs - Organochlorine pesticides and the
polychlorinated biphenyls (PCBs).

o Polvcvclic Aromatic Hydrocarbons (PAH) - A group of
compounds including naphthalene, pyrene, fluorene.

o Phenols - A group of chemicals of similar composition
including chlorinated, methylated and nitrified phenols.
Benzole Add and benzyl alcohol are also included with the
phenols because they are potential degradation products of
phenols.

Table 13 is a listing of specific compounds placed in the above groupings of
compounds.

Tentatively identified compounds (TIC) were also detected in a number of
samples. For the most part, the TICs were reported in the same samples as
the Target Compound List (TCL) volatiles or semi-volatiles. Many of the
comopunds were tentatively Identified as alkanes. Given the uncertainty of
identification and quantitation of the TICs, the characterization of
contamination and the evaluation of associated risks at the WRR site are
better represented based on the TCL data.

The metals data for soils and sediment were evaluated using the expected
average concentration and common range of elements in natural soil as
described 1n Chemical Equilibrium In Soils (Lindsay, 1979), and Background
Levels of Heavy Metals in Ohio Farm Soils (Logan and Miller, 1983). These
references were used to evaluate possible elevated concentrations of specific
elements in on-site soils, and are provided as comparison only. Published
"common ranges" and background concentrations should not be misconstrued as
representing background soil conditions at the WRR Site. Average
concentrations in soils for other compounds such as cyanide are not
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available. Table 14 shows the frequency of chemical detects for various
media at the HRR Site.

The frequency of detection, minimum, and maximum concentrations and geometric
means for the TCL parameters in various media are shown in Tables 15 through
27. Since most of the samples represented either uncontaminated or slightly
contaminated areas and few samples were from relatively contaminated areas,
the data tended to fall into a log normal distribution. The geometric mean
of the positive data was selected, as opposed to the arithmetic mean, because
it represents the most probable mean value (the central tendency) of a log
normal distribution. The geometric mean is the positive "n"th root of the
product of n positive numbers:

Geometric mean - nV(xj) (X2) (X3)...(xn)

The geometric means presented in this report provide a representative mean
concentration of a specific chemical within various media at the HRR Site.
Instances where the geometric mean is substantially lower than the maximum
concentration for a particular chemical, indicate that contamination is
localized in one or more areas at the Site.

4.1 Soil/Waste Characterization.

Seventy-four split-spoon soil samples were collected at 26 Phase I soil
boring locations. Twenty-two Phase II auger probe borings were drilled to
define the lateral extent of visual contamination in the southeast area of
the site. Soil from the auger probes was classified visually and screened
with a portable photoionization detector. Soil borings to be split-spoon
sampled were selected based on the auger probe findings. Forty split-spoon
samples were collected at 20 Phase II soil boring locations. Phase I
samples were analyzed for the full CLP TCL parameters (volatiles, semi-
volatiles, pesticides/PCBs, and metals). The purpose of the Phase II samples
was to define the lateral extent of contamination as opposed to the nature of
contamination. Therefore, phase II samples were analyzed for TCL volatiles
only, except samples from soil borings, SB-17A and SB-ISA, conducted during
Phase II. The two samples from SB-17A were only analyzed for TCL metals, and
the two samples from SB-ISA were analyzed for TCL semi-volatiles, 1n addition
to volatiles.
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Tables 15 and 16 11st the frequency of detection, minimum and maximum
concentration and geometric mean for EPA TCL Parameters detected 1n Phase I
and II soil boring samples. The following discussion will chemically
differentiate where possible those areas of contaminated soils as opposed to
what would be considered "background."

4.1.1 Organic Character - Soil/Waste.
The TCL organlcs results for the soil/waste samples Indicated that volatlles,
phthalates, and polycyclic aromatic hydrocarbons (PAH) were the main organic
contaminants.

4.1.1.1 VolatHes.
Compounds tended to be scattered at various locations at relatively low
concentrations, with the elevated levels occurring in a few localized
isolated areas. As shown in Table 15, although the maximum concentrations of
some compounds were very high, the geometric means were much lower. For
example, the maximum concentration of 1,2-dichloroethene was 71,000 ug/Kg,
yet the geometric mean was 169 ug/Kg. Similar situations exist for
trichloroethene (43,000 ug/Kg and 73 ug/Kg), toluene (59,000 ug/Kg, and
171 ug/Kg) and others. The chlorinated ethenes represent the highest
concentration of volatile organics in the soil boring samples. Chlorinated
ethenes were detected in 55 of 113 soil boring samples collected and analyzed
during Phases I and II, though w>st were located in the southeast area of the
site. Figure 32 shows soil boring locations and total chlorinated ethene
concentration with depth. The figure shows several significant factors:

o Chlorinated ethene concentration increased with depth at
almost all locations, with the highest detected
concentrations In the southeast corner of the site at the
10-ft depth in SB-33 (92,700 ug/kg), SB-36 (83,882 ug/kg),
and SB-12 (71,000 ug/kg);

o an Isolated source of ethenes exists in the area of SB-7
(94,000 ug/kg) located between the facility building and
the Blue River at the southern edge of the Site;

o The wide scatter 1n total chlorinated ethene
concentrations, even for borings located very close to each
other (I.e. SB-36 and SB-24, SB-12 and SB-32) suggests
random spillage as opposed to large scale dumping.

Tetrachloroethene, trichloroethene and total l,2-d1chloroethene were detected
at approximately the same frequency during Phase I and II; however, total
1,2- dichloroethene was generally at a higher geometric mean concentration.
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Vinyl chloride was detected in only one sample (SB-002 at 10 ft) at a
concentration of 8 ug/kg.

Chlorinated ethanes were detected in 16 of 113 soil boring samples collected
during Phases I and II. As with the chlorinated ethenes, total chlorinated
ethanes concentration increased with depth in the boring. The spatial extent
and concentrations of the chlorinated ethanes were considerably less than
that of the chlorinated ethenes.

With the exception of soil borings SB-5, SB-6 and SB-8 (where total
chlorinated ethanes ranged from 4 ug/kg to 57 ug/kg), the occurrence and
higher concentrations of chlorinated ethanes centered around SB-36 (10 ft)
where the total chlorinated ethane concentration was 9,605 ug/kg. 1,1,1-
Trichloroethane and 1,1-dichloroethane were the only chlorinated ethanes
detected in soil borings.

Toluene was the most frequently detected (62% of samples) and widely
distributed volatile compound detected in the soil boring samples. However,
it was usually detected at much lower concentrations than other volatiles.
Table 15 shows that although toluene was detected as high as 59,000 ug/kg,
the geometric mean of toluene concentration was 171 ug/kg. Figure 33 shows
the distribution and concentrations of toluene in the subsurface soils. As
with the chlorinated ethenes and ethanes, concentrations of toluene increased
with depth in the soil. Away from the southeast area, toluene was generally
detected at concentrations less than 200 ug/kg. Maximum concentrations were
detected in the southeast corner of the Site (21,000 ug/kg at SB-10 and
59,000 ug/kg at SB- 21). Some of the toluene detected in the samples may be
the result of laboratory contamination. Benzene, ethyl benzene and total
xylenes were also detected in soil boring samples; however, at considerably
lower concentrations and less frequently than toluene. Benzene was detected
in 2 samples (maximum concentration 4 ug/kg at SB-19), ethyl benzene was
detected in 10 samples (maximum concentration 1,200 ug/kg at SB-10) and total
xylenes were detected in 10 samples (maximum concentration 4,300 ug/kg in SB-
21).

4.1.1.2 Semi-Volatiles.
Phthalates were the semi-volatiles most frequently detected in soil boring
samples. Of the 73 Phase I soil boring samples, 30 had detectable amounts of
phthalates, though as with volatiles, the geometric mean of phthalate
concentrations was in the range of 200 to 400 ug/kg. The contract required
quantitation limit (CRQl) for phthalates is 330 ug/kg. Detection of
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phthalates near or below the contract required quantltatlon limits (CRQL),
330 ug/kg, are suspect, as these compounds are typical sampling and
laboratory contaminants. Highest total phthalate concentrations were
detected 1n the 10-foot sample from SB-19 (81,000 ug/kg) and 1n the 6-foot
sample from SB-12 (169,000 ug/kg) located In the southeast corner of the
site. The most frequently detected compound In the phthalate group was
b1s(2-ethylhexyl)phthalate (DEHP), detected in 23 samples and d1-n-
butylphthalate, detected in 11 samples. The phthalate group of compounds
were widely distributed over the site, with no apparent correlation to
location or depth.

The frequency of detection of polycyclic aromatic hydrocarbons (PAHs) was
considerably less than phthalates. As a group, PAHs tended to be
infrequently detected at low concentrations across the Site and with the
exception of SB-18, SB-ISA and SB-12 where PAHs were detected 1n the 6-ft
samples, all detects were confined to the upper 2-ft of soil borings. The
PAHs were detected 1n 8 of 74 Phase I soil boring samples. They were only
detected in three samples above one mg/kg and two of those were 1n the same
boring. The highest concentration was located at 2 ft in SB-18 (158,200
ug/kg total PAH). The concentrations of total PAH at SB-18 were
approximately 40 times higher than any other soil boring location. Location
SB-12, which had the second highest concentrations, had a total PAH
concentration of 3,400 ug/kg. A second soil boring at location SB-18 (SB-
ISA) was conducted during Phase II. Split spoon samples from 5-ft and 10-ft
were submitted to the laboratory for semi-volatile analyses to confirm the
Phase I results from SB- 18. Total PAHs were detected in the 5-ft sample of
SB-18A at a concentration of 52,880 ug/kg. No PAH's were detected at 10
feet.

The diversity of PAH constituent compounds detected in SB-18 and SB-ISA was
greater than in any other soil sample or other sampling medium in which PAHs
were detected. Of the 14 PAH constituent compounds detected on-site, 12 were
detected in SB-18 and all 14 were detected in SB-18A. SB-18 and SB-ISA were
also the only locations where PAH constituent compounds were detected that
are considered as possible or probable human carcinogens.

Phenol and 2-methylphenol were only detected in one sample; both 1n the 2-ft
sample from SB-8 at 240 ug/kg and 210 ug/kg, respectively.
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4.1.1.3 Pest1c1des/PCBs.
PCBs were only detected 1n soil boring samples from three locations:

Concentration
Boring Depth (ft) Aroclor (ug/kg)

SB-12 2 1260 1400
SB-19 10 1248 230
SB-20 2 1254 640

Pesticides were also only detected in soil boring samples at very low
concentrations:

Concentration
Boring Depth (ft) Pesticide (ug/kg)

SB-19 10 4,4'-DDE 27
SB-19 10 4,4'-DDD 57
SB-20 2 4,4'-DDE 100
SB-24 2 Endrin 19

4.1.2 Inorganic Character - Soil/Waste.
As with the organic contaminants, the occurrence of TCL inorganics in the
soil/waste borings tended to be scattered, with a few localized areas of
elevated concentrations, and with few exceptions, most occurred in the upper
0-2 ft samples. Table 17 contains the geometric mean concentration for
elements detected in subsurface soil boring samples compared to the expected
average for "natural soils" according to Lindsay (1979). The following
elements were detected at geometric mean concentrations that were greater
than what would be expected for natural soils:

Arsenic Mercury
Cadmium Selenium
Calcium Silver
Lead Zinc
Magnesium

Table 18 contains the maximum concentration for metals detected in subsurface
soil boring samples compared to the common range for "natural soils"
according to Lindsay (1979) and Ohio farm soils (Logan and Miller, 1983).
Average concentrations for other compounds are not available.

Of the 76 soil boring samples collected and analyzed for metals, the
following elements were detected at concentrations in excess of the common
range for natural soils:
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o Magnesium - 45 samples outside of range
o Cadmium - 24 samples outside of range
o Copper - 2 samples outside of range
o Zinc - 2 samples outside of range
o Lead - 1 sample outside of range

Based on Undsay's "common ranges," two of the Round I soil boring locations
had four elements above the common range. The samples and elements are as
follows:

SB-17 - Cadmium, copper, zinc, lead
SB-20 - Lead, magnesium, zinc, copper

The areal distribution of cadmium (Figure 34) was similar to that of other
metals detected on-site. However, with the exception of SB-17 and SB-17A
where concentrations were greater at the 5- to 6-ft depth, the concentration
of cadmium with depth tended to be uniform suggesting that the levels
detected are "background" for the site. Figure 35 shows the distribution of
zinc at soil boring locations. Zinc was detected at 72 of 74 soil sampling
locations and while the maximum concentration of zinc was at SB-17A at 5 ft
(3,000 rag/kg), the geometric mean for zinc was 56 mg/kg. Concentrations of
zinc in soil tended to decrease with depth.

A second soil boring (SB-17A) was conducted during Phase II adjacent to SB-
17. Split spoon samples at 5-ft and 10-ft depths were submitted to the
laboratory for metals analysis to confirm Phase I results. Data from SB-17A
(Appendix J) confirm the elevated metal concentrations detected at SB-17
during Phase I.

Total cyanide was detected at all but 4 of the 26 Phase I soil boring
locations, and in 51 of the 74 samples collected. Concentrations detected
varied from 2.7 mg/kg (SB-3 at 6 ft) to 111 mg/kg (SB-12 at 2 ft), but the
geometric mean was only 12 mg/kg (Table 15). The higher concentrations of
total cyanides tended to be detected in the upper 2-ft soil samples and from
generally the same locations as elevated metal concentrations.

4.2 Surface Soils.

The surface soil samples were collected in areas that have since been
disturbed (not excavated) during the removal activities conducted In the fall
of 1988. Therefore, surface soil data do not necessarily represent current
site conditions. For this reason, 0-2 ft sample results from the soil
borings were referenced in the Endangerment Assessment (Chapter 6.0).
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Surface soil samples were collected from 6 on-s1te locations (Figure 8) 1n
March of 1988. Results of analyses are contained 1n Appendix J. Table 19
summarizes frequency of detection, minimum and maximum concentrations, and
geometric mean for the EPA TCL parameters in surface soil samples.

4.2.1 Organic Character - Surface Soils.

4.2.1.1 Volatiles.
Volatlles were only detected at very low levels in surface soil samples with
the highest concentration of any compound being the detection of total
xylenes of 330 ug/kg. Chloroform was detected in surface soil samples,
occurring in SS-1 through SS-5 at a concentration range of 6.0 ug/kg to 22
ug/kg. Trichloroethene and total 1,2-dichloroethene were only detected at
SS-5 at 6.0 ug/kg and 19.0 ug/kg, respectively.

4.2.1.2 Semi-Volatiles.
Bis(2-ethylhexyl)phthalate (DEHP) was detected in all but one (SS-1) surface
soil. However, with the exception of SS-5 (16,000 ug/kg) and SS-6 (6,600
ug/kg), concentrations of DEHP were less than the Contract Required
Quantitation Limit (CRQL) of 330 ug/kg. Butyl benzylphthalate was detected in
one sample (SS-4) at 140 ug/kg (CRQL - 330 ug/kg) with DEHP. Phthalates are
typical lab and sampling contaminants, and measured concentrations near or
below CRQL may be attributed to this.

PAHs were detected at two surface soil locations: SS-6, where phenanthrene
and 2-methylnaphthalene were detected at a total concentration of 44,000
ug/kg, and at SS-5 where pyrene was detected at 1,400 ug/kg.

4.2.1.3 Pesticides/PCBs.
Gamma-chlordane was the only pesticide detected in surface soil samples.
This compound was detected at location SS-6 at a concentration of 420 ug/kg.

Aroclor 1248 was detected in the following surface soil samples:

Location Concentration (ua/kql

SS-2 150
SS-3 3400
SS-4 3200
SS-5 2400
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4.2.2 Inorganic Character - Surface Soils.
Table 20 contains the geometric mean concentration for elements detected in
surface soil samples compared to the expected average for "natural soils"
according to Undsay (1979). In general, the surface soils are very similar
to subsurface soil, though the geometric means of most compounds are higher.
This could be expected considering that the elevated levels of metals in
subsoils were generally in the upper two feet. The following elements were
detected at geometric mean concentrations that were greater than what would
be expected for natural soils:

Arsenic Mercury
Cadmium Nickel
Lead Silver
Magnesium Zinc
Manganese

Table 21 contains the maximum concentrations for elements detected 1n surface
soil samples compared to the common range for "natural soils" according to
Undsay (1979). Of the 6 surface soil samples collected, the following
elements were detected at concentrations in excess of the common range for
"natural soils":

o Cadmium - 6 samples outside of range
o Zinc - 2 samples outside of range
o Magnesium - 2 samples outside of range
o Chromium, total - 1 sample outside of range
o Copper - 1 sample outside of range
o Lead - 1 sample outside of range
o Nickel - 1 sample outside of range
o Silver - 1 sample outside of range

Based on Lindsay's common range for "natural soils," cadmium, total chromium,
copper, lead, magnesium, silver and zinc were above the common range at
surface soil location SS-5.

Total cyanide was detected in all 6 surface soil samples with the geometric
mean concentration being 112 mg/kg. With the exception of SS-5,
concentrations ranged from 30.4 mg/kg at SS-6 to 148 mg/kg in the sample
duplicate for SS-4. The highest cyanide concentration measured in surface
soil (1900 mg/kg) was in the sample from SS-5, the same location as were
elevated metals.
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4.3 Groundwater Quality.

Round I groundwater samples were collected between March 14, 1988 and March
18, 1988 from 17 wells. Round II groundwater samples were collected from 21
monitoring wells, 2 municipal water supply wells and 2 private residential
wells in the vicinity of the WRR Site, between August 30, 1988 and September
13, 1988. Round I and II groundwater monitoring well samples were analyzed
for TCL Volatiles, Semi-VolatHes, pesticide/PCBs, dissolved metals and
Indicator compounds; municipal and private wells were analyzed for the same
parameters except samples were not filtered for metals analysis. Results
from Round I and II analyses are contained in Appendix J.

Table 22 and 23 summarizes frequency of detection, minimum and maximum
concentration, and geometric mean for EPA TCL parameters detected in
monitoring well samples during Rounds I and II. Table 24 and 25 summarizes
chemical data for municipal and private water supply wells.

The following discussion encompasses the organic and inorganic character of
the groundwater in the upper and lower aquifer, and a comparison with the
soil/waste character.

4.3.1 Organic Character - Groundwater.

As with the subsurface soil boring data the occurrence of TCL organics in the
upper aquifer was primarily associated with localized discontinuous areas of
chlorinated ethene. These areas are shown on Figure 36 and consist of:

o an area around MW-7,
o an area around MW-9,
o an area around MVI-14, and
o an area 1n the vicinity of MW-3 and MW-10.

4.3.1.1 Volatiles.
Chloroform (2.0 ug/L 1n MW-1D (CRQL - 5 ug/L)) was the only volatile organic
compound detected in samples from monitoring wells screened in the lower
aquifer (MU-1D, MU-80 and MW-13D). 1,1,1-THchloroethane was detected at 1
ug/L in the old packing house well (PH) during Round II of groundwater
sampling. The PH well 1s screened in the lower aquifer; however, well
construction 1s unknown and the representativeness of the lower aquifer
conditions at this well 1s questionable. No volatile compounds were detected
in municipal or private water supply wells. The following section discusses
the distribution and concentration of volatile organics in the upper aquifer.
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Chlorinated ethenes were most widely distributed organic contaminant 1n the
groundwater system occurring 1n approximately half of the Round I and Round
II groundwater samples (Figure 36). Total chlorinated ethenes were detected
1n 8 of 17 Round I samples and in 13 of 21 Round II samples. However, the
highest concentrations of total chlorinated ethenes for both Round I and II
were detected at three discontinuous locations:

o in samples from MW-3S (25,300 ug/L Round I and 7,347 ug/L
Round II) and MW-10S (61,500 ug/L Round I and 28,822 ug/L
Round II) in the southeast corner of the Site,

o in HW-9S (51,000 ug/L Round I and 63,824 ug/L Round II)
between the process building and the Blue River, and

o MW-7S where chlorinated ethenes were 2,700 ug/L in Round I
and 1,900 ug/L in Round II. Figure 36 shows monitoring
well locations and total chlorinated ethene concentrations
for both Round I and II.

Vinyl chloride was the most frequently detected chlorinated ethene, occurring
in 41% of Round I samples and 57% of Round II samples at geometric mean
concentration of 56 ug/L and 36 ug/L, respectively. Total
1,2-dichloroethene, while occurring less frequently (29% in Round I and 48%
in Round II), was detected at considerably higher concentrations in both
Round I (5,551 ug/L, geometric mean) and in Round II (460 ug/L, geometric
mean). Trichloroethene was detected once during Round I (18,000 ug/L at MW-
9S) and three times during Round II (maximum concentration 25,000 ug/L at MW-
9S).

Tetrachloroethene was detected once in Round II at 27 ug/L in MW-9S, and 1,1-
dichloroethene was detected three times in Round II at a maximum
concentration of 92 ug/L at MW-9S.

Chlorinated ethenes can be biologically degraded to successor compounds,
following the sequence given below:

o tetrachloroethene (PCE)
o trlchloroethene (TCE)
o 1,2-dichloroethene (DCE)
o vinyl chloride

The degradation of DCE to vinyl chloride appears to be the slowest step in
the sequence. The predominance of the DCE component of the chlorinated
ethene group in groundwater samples possibly indicates anaerobic biological

WARZYN



Remedial Investigation Report REVISION: Final
Wayne Reclamation & Recycling, Inc. DATE: June 1, 1989
Columbia City, Indiana Section 4.0 -- Page 4-13

degradation Is occurring. This may be the situation that is occurring In the
data from MW-7. A series of four soil borings (SB-2, SB-002E, SB-002W, and
SB-002S) were drilled at this location. With the exception of the samples
from SB-2, the only compounds detected in soil samples were tetrachloroethene
and trichloroethene. However, the only volatile compound found 1n the
groundwater in MW7S was 1,2-dichloroethene. In addition, the only volatile
found in MW4S, located approximately 200 feet downgradient, was vinyl
chloride.

A comparison of total chlorinated ethene concentrations based on Round I and
Round II data indicates a decrease in all wells with the exception of MW-9S
and MW-1S, where concentrations increased slightly. The following is a
summary of total chlorinated ethene concentrations and percent decrease
between Rounds I and II.

Round I Round II Percent Change

MW- 3S 25,300 7,347 - 71%
MW- 4S 5.0 2.0 - 60%
MW- 7S 2,700 1,901 - 30%
MW-10S 61,500 28,822 - 53%
HW-11S 48.0 22.0 - 54%

The decrease in total chlorinated ethene concentration in the groundwater
samples was reflected evenly between the dominant constituents, vinyl
chloride and total l,2-d1chloroethene, and generally did not affect the
distribution between successive components. In general, contaminant loadings
in groundwater fluctuate with rising and falling groundwater levels. In the
spring, as rainfall infiltrates through contaminated soils and higher water
levels allow more groundwater to be in contact with contaminated soils,
contaminant loads increase. Throughout the summer they probably decline and
then may increase again in the fall. This normal fluctuation may have been
exaggerated by the drought conditions that existed in 1988. No change in
areal distribution of the chlorinated ethenes was indicated by Round I and II
data.

Total chlorinated ethanes were detected much less often and at considerably
lower concentrations than the chlorinated ethenes. 1,1-Dichloroethane was
the only chlorinated ethane detected in Round I groundwater samples,
occurring at MW-10S at a concentration of 630 ug/L. Chlorinated ethanes
were detected in 8 of 21 Round II samples with the maximum detected
concentration at MW-14S (276 ug/L) in the southwest corner of the Site. The
dominant chlorinated ethane constituent was 1,1-dichloroethane. As with the
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chlorinated ethenes, bacterial activity can prompt the degradation of
1,1,1-trlchloroethane to 1,1-dichloroethane which may degrade to
chloroethane.

Toluene was detected In only 3 samples and only during Round II sampling.
The highest concentrations were detected in MW-10S (3,500 ug/L) and MW-9S (21
ug/L). Benzene and ethyl benzene were also detected In MW-10S at
concentrations of 7.0 ug/L and 4.0 ug/L, respectively.

4.3.1.2 Semi-Volatlles.
Phenols were only detected in three of 17 Round I monitoring well samples and
in 4 of 21 Round II monitoring well samples. With the exception of MW-10S,
concentrations of total phenols in Rounds I and II samples were less than the
CRQL of 10 ug/L, as follows:

Round I Total Phenols Round II Total Phenols
Well (uq/Ll_____ (ua/Ll_____

MW- 3S 2 3.6
MW- 9S 5 6
MW-10S 37 43
MW-83B -- 6

Phenol was detected in one of the municipal well samples at a concentration
of 2 ug/L (CRQL - 10 ug/L).

Phthalates were detected in three Round I monitoring well samples and seven
Round II monitoring well samples. Low concentrations of phthalates (CRQL -
10 ug/L) for individual constituents may be attributed to sampling or
laboratory contamination therefore, the data does not suggest that phthalates
are a problem. Concentrations of total phthalates in Round I and Round II
samples were as follows:

Round I Total Phthalates Round II Total Phthalates
Well ______fua/L)_____ ______fuq/L)_______

MW-83A(D) 4 2.3
MW-830 29 6
PH 27 160
MW-7S -- 0.3
MW-9S -- 0.6
MW-10S -- 6
MW-83B -- 32

Bis(2-ethylhexyl)phthalate was the dominant phthalate constituent detected 1n
all wells, with the exception of 83A(D) where diethylphthalate was at a
higher concentration.
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D1ethylphthalate was detected in both municipal well samples (0.2 ug/L and
0.3 ug/L) and 1n one private well (2.0 ug/L). 01-n-octylphthalate was
detected 1n one monitoring well at 3 ug/L, and butyl benzylphthalate was
detected in a private well at 0.2 ug/L. The low concentrations of phthalates
in water samples (CRQL - 10 ug/L) are possible sampling or laboratory
contaminants.

The only constituent of the PAH group detected in groundwater was
naphthalene, below CRQL, at a concentration of 0.08 ug/L in MW-83D (round I)
and 0.1 ug/L in MW-83B (Round II).

4.3.1.3 Pesticides/PCBs.
No pesticides or PCBs were detected in groundwater samples.

4.3.2 Inorganic Character - Groundwater.
Calcium, magnesium, sodium and potassium are major constituents common to
naturally occurring groundwater (see Table 26). Iron and potassium are minor
constituents in naturally occurring groundwater (Table 26). The remaining
elements are considered trace constituents in naturally occurring groundwater
(see Table 26). Aluminum, barium and manganese occur in natural waters at
concentrations less than 100 ug/L (Table 26).

Aluminum was detected at concentrations greater than 100 ug/L in two Round I
samples (MW-83D at 30,200 ug/L and MW-83A(S) at 871 ug/L), and in four Round
II samples (MW-83D at 23,800 ug/L, MW-83A(S) at 2,460 ug/L, MW-8S at 467 ug/L
and MW-9S at 150 ug/L). The elevated aluminum concentrations measured at MW-
830 during Rounds I and II sampling appear to be related to the high pH
(11.63) at this location (Appendix J). The high pH at MW-830 may be the
result of the possible use of cement-bentonite grout in existing wells.
Aluminum solubility 1s enhanced at high or low pH. Round II results for MW-
830 again showed elevated pH (11.21). Barium was detected in excess of 100
ug/L in 18 Round I samples and 11 Round II samples. Maximum barium
concentrations for both Rounds I and II occurred in MW-1S (1,870 ug/L and
1,370 ug/L respectively). Barium was detected at concentrations greater
than 100 ug/L in both municipal wells (126 ug/L and 150 ug/L) and both
private wells (111 ug/L and 215 ug/L). Manganese exceeded 100 ug/L in all
but four samples (MW-5S-Rounds I and II, MW-7S-Round I, and MW- 83A(S)-Round
II). Arsenic was detected at concentrations above CRDL (10.0 ug/L) at 4
monitoring well locations; MW-03S (15.0 ug/L and 23.4 ug/L; Rounds I and II
respectively), MW-08S (15.0 ug/L; Round II), MW-095 (10.7 ug/L; Round II) and
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MW-83D (57.1 ug/L and 20.0 ug/L; Rounds I and II respectively). As with
aluminum, elevated arsenic concentrations at MW-83D may be attributed to
abnormal pH conditions in this well.

Total cyanide was detected in 11 of 17 Round I monitoring well samples and 14
of 21 Round II samples. Geometric mean concentrations of total cyanide in
the groundwater samples were 35 ug/L in round I and 25 ug/L in Round II.
Individual cyanide results between sampling Rounds and sample duplicate
varied somewhat. Total cyanide exceeded 102 ug/L in 4 Round I samples, but
was either not detected or considerably less in Round II during which only
one well (MW-12) installed during Phase II had concentrations exceeding .100
mg/L.

4.3.3 Comparison with Soil/Waste Character.

4.3.3.1 Orqanics.
The chlorinated ethenes were most frequently detected and were detected at
the highest concentration of target organics in both soil/waste and
groundwater media. The concentrations of chlorinated ethenes in soil borings
tended to increase with depth. The highest concentrations were located in
the southeast corner of the Site, between the process building and the Blue
River along the southern border and to a lesser degree in at the north
central border of the site. These locations correspond with locations having
the maximum concentrations of ethenes detected in groundwater samples. The
vertical distribution of chlorinated ethenes in the vadose zone and the
correlation between areas of maximum concentration indicate that chlorinated
ethenes have migrated toward the water table.

The concentration of the chlorinated ethanes in the soil/waste and
groundwater media, while less predominant than the chlorinated ethenes,
tended to show similar trends in distribution.

Toluene was widely distributed at the site with the majority of the detects
at relatively low concentrations. The maximum concentrations were observed
in the southeast corner of the Site. The areal extent of measured toluene in
groundwater was much less than that of the soil/wastes, and was detected
mainly in the southeast corner of the Site.
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The phthalate group of compounds were the most frequently detected seml-
volatiles in both soil/waste samples and groundwater samples, although low
concentrations may be attributable to sampling or laboratory contamination.
Bis(2-ethylhexyl}phthalate (OEHP) was the dominant constituent compound in
both media. No correlation in spatial distribution or maximum concentrations
between media was apparent.

The PAH group of compounds were only found in isolated areas in site soils.
Naphthalene was detected at very low concentration 1n two of the existing
monitoring wells; however, there was no apparent correlation between the soil
and groundwater for PAHs.

4.3.3.2 Inorganics.
Cadmium, copper, lead, magnesium, manganese and zinc were detected in soil
boring samples at elevated concentrations (see Table 18). Of these elements
cadmium was detected in only one groundwater sample (MW-5S). Cadmium was not
detected in the soil boring for this well (SB-25). Copper was detected in
groundwater samples; however, concentrations were less than those detected in
field blanks. Lead was detected in two monitoring well samples, one of which
may be in the vicinity of elevated soil concentrations. Magnesium 1s a major
constituent of groundwater (see Table 26). Manganese was detected in the
majority of monitoring well samples and in the off-site municipal and private
well samples and is probably natural to the regional groundwater. For the
most part, the highest levels of manganese were detected in the areas of
other types of contaminants (MW-3, MW-7, MW-9, MW-12, MW-14). The only
exceptions were elevated manganese concentrations at MW-8S, at 892 ug/L; and
pH at 480 ug/L. Zinc was detected in a number of monitoring well samples,
and in municipal and private wells. Figure 37 shows zinc concentrations at
monitoring well locations during Round I and II. With the possible exception
of MW-1S, concentrations of zinc in groundwater do not appear to be strongly
correlated with soil concentrations.

Cyanide results for Round I groundwater and soil boring samples showed little
correlation. Cyanide was detected at concentrations greater than 100 ug/L in
4 monitoring well samples GW-01S, GW-04S, GW-05S, and GW-07S. The
corresponding soil borings for these wells are SB-018, SB-019, SB-025 and SB-
002 respectively. Cyanide was detected in SB-018 samples at all three depths
(2-ft, 6-ft, 10 ft) between 6.2 mg/kg and 14.4 mg/kg, and at SB-019 at 6 ft
and 10 ft (13.2 mg/kg and 8.6 mg/kg). Cyanide was not detected at SB-025 or
SB-002.
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4.4 Surface Hater Quality.

Surface water samples were collected in March 1988 at 13 locations adjacent
to and on the WRR site (see Figure 9). Results of analyses are contained in
Appendix J. Samples were not filtered prior to analysis. Results represent
the sum of dissolved constituents, and constituents sol utilized from
suspended sediment. The surface water sample collected from the Blue River
at SW-1, located approximately 400 feet north (upstream) of the north Site
boundary, was considered as background for evaluation purposes.

Table 27 summarizes frequency of detection, minimum and maximum
concentrations, and geometric mean for ERA TCL parameters in surface water
samples.

4.4.1 Organic Character - Surface Water.

4.4.1.1 Volatiles.
Samples collected from the Blue River (SW-3, SW-4, SW-5, SW-6 and SH-7)
contained total 1,2-dichloroethene at estimated concentrations ranging from
1.0 ug/L to 4.0 ug/L, but all concentrations were less than the CRQL of 5.0
ug/L. Total 1,2-dichloroethene was detected in only one on-s1te surface
water sample (Figure 38), at a concentration of 1,600 ug/L detected at SW-12.
1,1-Dichloroethane was also detected in one surface water sample (SW-12), at
a concentration of 66.0 ug/L. Methylene chloride was detected in one surface
sample (SW-10) at 6.0 ug/L and may be attributed to laboratory contamination.

4.4.1.2 Semi-VolatHes.
All measured concentrations of semi-volatiles in surface water were less than
the CRQL and estimated. Occurrence of phthalates may be attributable to lab
or sampling contamination. The maximum concentration of semi-volatlies in
surface water was detected in SW-10 , where the total phthalate concentration
was 1.4 ug/L. 01 ethylphthalate was detected in seven of the samples at
concentrations ranging from 0.08 ug/L to 0.3 ug/L. Pyrene was detected in
one sample, SW-3, at 0.1 ug/L.

4.4.1.3 Pest1c1des/PCBs.
No pesticides or PCBs were detected in surface water samples.
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4.4.2 Inorganic Character - Surface Water.
Table 28 shows maximum and geometric mean concentrations of elements detected
1n surface water samples. TCL Inorganic concentrations occurring 1n River
water samples adjacent to and downstream from the Site (SW-2 through SW-7)
differed little from those measured in the background samples from SW-1.
Zinc was detected at slightly higher, yet still less than CRDL concentrations
in samples from SW-2, SW-5, SW-6 and SW-9. The same was generally true for
on-site surface water samples from SW-8, SW-11 and SW-13, when compared to
SW-1. Slightly higher iron, manganese, potassium, sodium, zinc and total
cyanide concentrations were observed 1n samples from SW-9, SW- 10 and SW-12
when compared to other surface water samples. Additionally, slightly higher
barium concentrations were observed in the sample from SW-9, and slightly
higher arsenic concentrations were observed in the sample from SW-12;
however, zinc, barium and arsenic were all below the CRDL.

Total cyanide was detected in all surface water samples, including SW-1.
With the exception of samples from three on-site sample locations (SW-9, SW-
10, SW-12), concentrations were between 20 ug/L (SW-8) and 38 ug/L (SW-6).
Total cyanide concentrations at SW-9, SW-10 and SW-12 were 258 ug/L, 120 ug/L
and 315 ug/L, respectively.

4.4.3 Comparison with Soil/Waste Character.

4.4.3.1 Oroanics.
As with soil/waste samples, the most frequently detected volatile in surface
water was total 1,2-dichloroethene.

The phthalate group was the most frequently detected semi-volatile in both
soils and surface water samples; however, the dominant constituent in surface
water was diethylphthalate, while b1s(2-ethylhexyl)phthalate was dominant in
soils.

4.4.3.2 Inorganics.
Cadmium, copper, lead, magnesium, manganese and zinc were detected In soil
boring samples at elevated concentrations (see Table 18). In surface water
samples:

-- Cadmium was not detected.

-- Copper was detected below CRDL at 10 of 13 locations, Including
background (SW-1).
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-- Lead was detected at three locations, SW-9, SW-12 and SU-13.

-- Magnesium 1s a major constituent of natural waters.

-- Manganese may be naturally occurring at moderate concentrations;
however, elevated levels at SW-12, SW-10 and SW-9 are 1n the vicinity
of higher soil concentrations.

-- Zinc was detected below CROL at all surface water locations; however,
concentrations were slightly higher at SW-2, SW-5, SW-6, SW-7, SW-9,
SW-10 and SW-12.

Cyanide was detected at higher concentrations in 3 on-site surface water
samples (SW-9, SW-10 and SW-12). Only the SW-12 sample was from a surface
water location in the vicinity of elevated cyanide concentrations 1n on-site
soils.

4.4.4 Comparison with Groundwater Quality.
No volatile organics were found above the contract required quantitation
limit.

4.5 Sediments.

Sediment samples were collected concurrently with surface water sampling at
surface water locations (see Figure 9). Results of analyses are contained in
Appendix J. As with surface water samples, SD-1 was collected upstream from
the Site and was considered as a background sample for evaluation purposes.

Table 29 summarizes frequency of detection, minimum and maximum
concentration, and geometric mean for EPA TCL parameters in sediment samples.

4.5.1 Organic Character - Sediment.

4.5.1.1 Volatiles.
Chlorinated ethenes were the most frequently detected volatlles in sediment
samples (Figure 38). Sediment samples from the Blue River had detectable
levels of chlorinated ethenes at SO-3 (1,230 ug/kg), SD-4 (14.0 ug/kg), SD-5
(37 ug/kg) and SD-6 (7.0 ug/kg). Chlorinated ethenes were detected in on-
site sediments at SD-12 (1,100 ug/kg), and at SD-11 (51.0 ug/kg).

Total 1,2-dichloroethene was the only constituent compound at SD-12, while
tetrachloroethene (7.0 ug/kg) and trichloroethene (44.0 ug/kg) were the
constituent compounds at SD-11. Vinyl chloride was detected only in SD-3
(270 ug/kg).
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Chlorinated ethanes were detected at only 3 sediment locations: SD-3 (1,300
ug/kg) as I,l-d1chloroethane; SD-12 (33.0 ug/kg) as I,l-d1chloroethane; and
SD-11 (3.0 ug/kg) as 1,1,1-trichloroethane. Toluene was detected 1n two
sediment samples: SD-8 (150 ug/kg) and SD-13 (210 ug/kg). Ethylbenzene was
detected in 3 samples: SD-9 (33 ug/kg); SD-10 (3.0 ug/kg); and SD-13 (3.0
ug/kg). CRQL for the above compounds are 5.0 ug/kg.

4.5.1.2 Sem1-Vo1at1les.
All semi-volatile compounds detected 1n sediment samples were below CRQL of
330 ug/kg. Bis(2-ethylhexyl)phthalate (DEHP) was the most frequently
detected and highest concentration of the three sem1-volat1les 1n found
sediment samples. DEHP was detected in 10 of 18 sediment samples at
concentrations ranging from 59 ug/kg in SD-2L to 220 ug/kg in SD-11 (DEHP was
also detected in SD-12 at 200 ug/kg). Di-n-butylphthalate was detected in
SD-1R at 27 ug/kg (DEHP was at 99 ug/kg at this location). 4-Methylphenol
was detected at 86 ug/kg at SD-1L, approximately 400 feet upstream from the
Site boundary. As with surface water samples, low concentrations of
phthalates may be attributed to lab or sampling contamination.

4.5.1.3 Pesticldes/PCBs.
Aroclor 1254 and 1260 were detected in sediment samples slightly above the
CRQL of 160 ug/kg. Aroclor 1254 was detected in river sediments at locations
SD-3 (200 ug/kg) and SD-5 (290 ug/kg). Aroclor 1260 was detected In the
drainage swale at location SD-14 (200 ug/kg).

4.5.2 Inorganic Character - Sediments.
Concentrations 1n river sediments locations were not significantly greater
than at SD-01 (400 ft upstream). Of the river sediment samples, the elements
detected at concentrations considerably higher than in the background sample
from SD-01 were copper and zinc. Slightly higher concentrations of total
cyanide were detected in 6 of 9 downstream sediment samples (SD-02R, SD-03,
SD-05, SD-06, SD-07L and SD-07R). The highest river sediment cyanide
concentration was 38.6 mg/kg at SD-07R, compared to 25.5 mg/kg at SD-01.
Concentrations at some on-site sediment sampling locations were higher than
at station SD-01. Aluminum was detected at SO-09 (8,510 mg/kg) and SD-11
(9,920 mg/kg) compared to 6,860 mg/kg at SD-01R. Arsenic was detected at SD-
08 (12.4 mg/kg), SD-09 (19.7 mg/kg), SD-10 (15.9 mg/kg) and SD-11 (19.0
mg/kg) compared to 9.6 mg/kg at SD-01R. Barium was at 80.1 mg/kg (SD-09) and
71.0 mg/kg (SD-11) compared to 64.1 mg/kg at SD-01R. Chromium was at 15.0
mg/kg (SD-09) and 39.5 mg/kg (SD-11) compared to 13.5 mg/kg at SD-01R.
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Copper at SD-09 (38.2 mg/kg), SD-10 (26.8 mg/kg) and SD-11 (47.5 mg/kg)
compared to 21.2 mg/kg at SD-OIR. Manganese at SD-10 (456 mg/kg), SD-11 (629
mg/kg) compared to 443 mg/kg at SD-OIR. Zinc at SD-09 (103 mg/kg) and SD-11
(397 mg/kg) compared to 68.3 mg/kg at SD-OIR. Cyanide was detected at
concentrations above those at SD-OIR (25 mg/kg) at SO-08 (58.6 mg/kg), SD-09
(38.7 mg/kg), SD-11 (47.7 mg/kg) and SO-14 (66.4 mg/kg).
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5.0 CONTAMINANT FATE AND MIGRATIONS

This chapter assesses current and potential contaminant migration from waste
and soil materials at the WRR Site, into off-site surface water, sediments,
and/or groundwater. The migration of contaminants within given media are
also evaluated as are contaminant fate and persistence.

5.1 Potential Routes of Migration.

5.1.1 Soil/Waste.
Analytical results of soil samples collected during subsurface soil boring
and surface sampling activities are contained in Appendix J and are
summarized in Tables 15, 16 and 19.

The predominant contaminants in the soil at the WRR Site are chlorinated
ethenes, toluene, phthalates, metals (cadmium, copper, zinc, lead) and
cyanide. To a lesser extent, PAHs, pesticides and PCBs were also detected in
soil samples from the site.

5.1.1.1 Migration.
The distribution of the contaminant in the surface and subsurface soils will
influence potential migration. The chlorinated ethenes were predominantly
found at or near the base of the vadose zone and were generally located along
the southern and southeastern boundary of the site. Toluene was widely
distributed at the site with the majority of the detects at relatively low
concentrations. As with chlorinated ethenes, the higher concentrations were
in the southeast part of the site. PAHs, metals and cyanide tended to be at
or near the surface and were centrally located on the site with distinct "hot
spots". The phthalate group of compounds were randomly distributed both
vertically and areally within the soils, and the pesticide/PCB group occurred
randomly at or near the surface.

The primary means of transporting contaminants associated with surface soils
at the WRR site appears to be surface water runoff and erosion. Airborne
dust while not a major transport factor on-site due to vegetative cover, may
be a factor along roadways and in disturbed areas. Movement of soil by water
is dependent upon several factors, including the nature of erosive forces
(rainfall amounts and intensities), physical properties of the soil (degree
of compaction, soil structure, infiltration rates), and surface conditions
(vegetation cover, slope, and surface roughness). Surface topography,
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vegetative cover and soil composition vary somewhat over the site, however,
the primary potential route for off-site migration of surface contamination
is through the Blue River. Total on-site surface areas subject to drainage
into the Blue River has been estimated at approximately 4.44 acres (Beranek,
1984). This drainage area is primarily composed of steep, vegetated river
bank and the facility operations parking lot and buildings.

The remainder of on-site surface water apparently drains into surface
depressions and ponds and is lost to groundwater drainage and evaporation
(Beranek, 1984).

Percolation and groundwater recharge appear to be controlling transport
factors with the subsurface contaminants. Migration of contaminants from
surface to subsurface soils and groundwater occurs through leaching. Release
of contaminants from surface to subsurface soils occur during rainfall and
snowmelt events.

The areas most prone to downward migration on-site are areas where runoff is
collected (i.e. the ponds and topographic depressions) including the former
river bed and the southeast area (Figure 3). The southeast area coincided
with one of the areas of higher volatile concentrations on-site.

5.1.1.2 Attenuation.
Adsorption of organic contaminants by soil particulates and/or waste
materials can be a major attenuation mechanism for contaminated groundwater.
Natural organic matter content, clay and soils in surface and subsurface
soils of the vadose zone may limit the downward migration of certain organic
contaminants. Results of laboratory soil analysis (Table 3) indicate the
presence of silt and clay in the vadose zone at the site indicating the
potential for contaminant attenuation; however, in localized areas of high
contamination, the attenuation capacity of the soils may be exceeded.

Biochemical degradation of organic contaminants in the vadose zone and into
the saturated zone is a potential attenuation process. Breakdown of
chlorinated ethenes and chlorinated ethanes is suspected based upon relative
concentrations of these compounds and potential by-product compounds in soil
and groundwater samples. Volatilization of materials from the water table
into the unsaturated zone and ultimately to the atmosphere may be a mechanism
for release of materials. The shallow depth to groundwater probably enhances
passage of soil vapors to the atmosphere.
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The attenuation of metals and cyanide through the surface and subsurface
soils will be Influenced as above by the adsorption on organic matter and
clay minerals present in the vadose and saturated zones. Adsorption of
metals onto hydrous oxides of iron, aluminum and manganese may, depending on
soil pH, contribute significantly to attenuation of contaminant migration at
the site.

5.1.2 Groundwater.
This section describes potential groundwater migration routes for
contaminants detected at the WRR Site. Analytical results for analyses of
groundwater samples collected during Rounds I and II are contained in
Appendix J and are summarized in Tables 22 and 23.

The major contaminants in the upper aquifer are the chlorinated ethenes, and
as with the soils of the vadose zone, maximum concentrations occurred in
discontinuous localized areas in the southeast former flood plain, between
the process building and Blue River and at the north central boundary of the
site. To a considerably lesser extent phenols, phthalates and metals
(aluminum, barium, cyanide, manganese, arsenic and zinc) were detected in
groundwater.

The data from wells screened in the lower aquifer indicate that little if any
contaminant migration has taken place through the aquitard at the base of the
upper aquifer. The only volatile organic compounds detected in lower aquifer
wells were 1.0 ug/1 of 1,1,1-trichloroethane at the old packing house well
(PH) in Round II and 2.0 ug/1 of chloroform at MW-01D. Both results are
below CRDL. At well PH, 1,1,1-trichloroethane was only detected during Round
II and construction details of the well are unknown. At MW-01D, chloroform
is likely a laboratory contaminant, it was only detected at very low
concentrations in two shallow wells and was detected in three trip blanks.

The migration of the relatively mobile volatile organic contaminants in the
upper aquifer would tend to follow the general groundwater flow from west to
east, and eventually discharge into the Blue River. There is the potential
that some groundwater in the upper aquifer does not discharge to the Blue
River but passes beneath the river. However the results of groundwater
monitoring indicate that there may be little potential for the migration of
contaminants beneath the river. An area of elevated VOC contamination on the
site is shown to be in the upper aquifer in the vicinity of monitoring well
MW-10S in the southeast area (Figure 36). Groundwater flow in this area is
from west to east (Figures 20 and 21). When the monitoring results at MW-10S
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are compared to those at MW-11S, approximately 250 feet to the east, it is
apparent that there is either very little migration of contaminants with the
groundwater flow or there is very high attenuation occurring (Figure 36). In
either case, the concentration of VOC, (which are relatively conservative as
solutes), decreases by more than three orders of magnitude in the 250 feet
between MW-10S and the river (represented by MW-11S). Assuming that the same
fate process occurs as groundwater flows to the east beneath the river, it is
unlikely that VOC or other contaminants would be detected in the upper
aquifer on the east or south side of the Blue River.

The potential for future increases in concentrations of chlorinated ethenes
and ethanes in groundwater through migration from the upper 10 feet of the
vadose zone toward the water table appears to be small for the following
reasons:

o Concentrations of the chlorinated ethenes and ethanes in
the subsurface soils increase with depth toward the water
table.

o The 3 areas of highest soil concentrations (sources) were
consistent with the highest groundwater concentrations.

The above indicates that most of the chlorinated ethenes and ethanes have
moved to the water table and there appears to be no highly contaminated
volatile organics source near the surface in the vadose zone.

The occurrence of phthalates (possible sampling or laboratory contaminants)
and phenols in the groundwater samples were at relatively minor
concentrations (compared to volatiles) and did not appear to correlate to
soil concentrations and locations.

No pesticide/PCB's or PAHs (above CRQL) were detected in groundwater. The
attenuation capacity of the soils and low solubility appears to prevent the
migration of these contaminants to the groundwater.

The migration of inorganic contaminants in groundwater is affected by many
factors related to the geologic matrix and hydrochemical environment (e.g.,
pH, pE, complexing to ligands, competing ions, nature of adsorbents).
Predicting the transport and fate of trace metal contaminants in groundwater
is difficult, however, the following observations at the WRR site can be
made:
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o General water quality data (Appendix J) indicates
sufficient alkalinity, chloride and sulfate to form complex
hydrogeologic species with some of the trace metals, could
lead to potential increased solubility and reduced
adsorption of inorganic contaminants.

o Elevated chloride concentrations in groundwater at MW-7S,
MW-1S and MW- II could promote increased solubility (by the
above processes) of metal contaminants in these locations.

o The relative abundance of aluminum, iron and manganese at
the site may enhance the adsorbent capacity of clay-size
materials in the aquifer through the formation of hydrous
oxide coatings. This would tend to limit the migration of
trace metal contaminants through zones where clay-size
particulates constitute a significant portion of aquifer
materials (i.e., the flood plain in the upper aquifer, and
the aquitard between the upper and lower aquifer).

5.1.2.1 Summary of Migration Potential - Groundwater.
The volatile organics (chlorinated ethenes, chlorinated ethanes, toluene) are
currently the predominant contaminants in localized areas of groundwater at
the site. Volatile migration (with the possible exception of toluene) into
the groundwater from the vadose zone appears to have already occurred to some
extent. Attenuation of volatile organics from areas of highest contamination
(MW-10S, MW-3S) downgradient toward the to River (MW-11S) appears to be
occurring.

Based on the data collected, the extent of trace metal contamination of
groundwater at the site appears to be limited and localized; primarily to the
north-central portion of the site (MW-1S) in the upper aquifer. The data
indicate that little if any lateral or downward migration of inorganics has
taken place. Future potential for downward migration into, and lateral
migration within, the groundwater is difficult to predict however, it appears
to be minimal. Downward and lateral migration of inorganics will be limited
in the southeast area, and across the aquitard where clay-size particulates
are significant.

5.1.3 Surface Water.
Analytical results of surface water samples are contained in Appendix J and
are summarized in Table 27.
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Surface water exists on-site as ponds and topographic depressions that, with
the exception of a flood event, hold little potential for off-site migration.
Of greater concern is the Blue River which borders the site on the east and
south. The Blue River poses the greatest potential for off-site migration of
contaminants. Therefore, this section discusses primarily current and
potential contaminant migration in the Blue River.

Contaminant migration off-site into the river may occur by several processes:

o Overland erosion of surface soils and contaminants into the
river during periods of intense and/or prolonged
atmospheric precipitation. Approximately 4.5 on-site acres
drain to the river (Beranek, 1984).

o Erosion of steep river banks during high water or flood
conditions (a portion of the site also falls within 100
year flood plain) could cause contaminated soils and wastes
to come into contact with river water.

o Physical, chemical and/or biological changes in sediments
or river water could lead to the aqueous solution of
contaminants bound in sediments (this will be discussed in
Section 5.1.4).

o Discharge of contaminated groundwater to the river.

5.1.4 Evaluation of Current Surface Water Quality.
The chlorinated ethenes were detected in river water samples at relatively
low concentrations (below CRQL). The only contaminant in surface water
samples from the river was total 1,2-dichloroethene (of the chlorinated
ethene group). Total 1,2- dichloroethene is first detected in the river at
SW-3 (1.0 ug/L) east of the site and downgradient to the highest area of
chlorinated ethene contaminated groundwater. Concentrations vary between 3.0
and 4.0 ug/L downstream, to SW- 7, 400 ft downstream from the Site boundary.
All measured concentrations of 1,2-dichloroethene are estimated, as values
were below CRQL.

The source of the total 1,2-dichloroethene concentrations detected in the
river water samples is not known. Probable sources are discharge of
chlorinated ethene contaminated groundwater or leaching from sediments that
have been impacted in the past.
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Surface water data from the river indicates that the other TCL compounds and
elements detected adjacent to, or downstream from the site were at
concentrations not considerably higher than those detected at SW-1, 400 ft
upstream from the northern site boundary. However, as described above, there
is potential for contaminant migration during and after periods of high
rainfall, and during flood conditions. The potential fate of contaminants
entering the river depends upon the chemical and physical properties of the
compounds of concern, reducing or oxidizing conditions in surface water
bodies, bioactivity, climatic conditions including seasonal variations, and
dilution. Decreasing contaminant concentrations are expected with distance
from the site due to attenuation. Dilution should occur when water levels
rise due to added precipitation and/or as the surface water moves away from
the site and joins other surface water bodies with background water quality.

5.1.5 Sediment.
Characterization of sediment contamination is discussed in Chapter 4.
Results of sediment analyses are presented in Appendix J, and summarized in
Table 29. Figure 9 shows sediment sampling locations.

As with the surface waters, the sediments that pose the greatest potential
for off-site migration are within the Blue River. This section discusses
potential migration of contaminants detected in the river sediments, and
potential attenuation capacity.

Chlorinated ethenes and ethanes were detected in river sediments east and
south of the site. The highest concentrations were at SD-3, downgradient of
the area of volatile groundwater contamination on-site. A portion of the
volatile organics detected in the sediments likely represents contamination
in the discharging groundwater, but may be the result of past contamination
of the sediments from another source. The transport of contaminants from
groundwater discharge into surface water was discussed in Section 5.1.4.

The remaining organic contaminants detected in river sediments adjacent to
the site included the phthalate group and PCBs. These compounds were not
detected in surface water samples and may be preferentially adsorbed onto the
sediments. Contaminant migration and fate in sediments is generally a
function of surface water movement, river morphology and a number of
physical, chemical and biological processes.
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Only minor Impacts to the river sediments with respect to inorganics have
occurred. Slightly elevated copper, zinc and cyanide concentrations
downstream and adjacent to the site were observed. For the most part, these
chemicals would be expected to be adsorbed to sediments and follow the
migration factors described below.

The capacity of the sediments to bind contaminants and retard contaminant
migration is dependent on both chemical and physical properties of the
sediment, and biological activity in the sediment. Retention of organics by
sediment is typically attributed to adsorption by organic matter and
precipitation. Oxides of iron, aluminum and manganese have an electrostatic
attraction of ion charged mineral surfaces. Because reactions take place at
the surface of particulates, particle size influences adsorption capacity on
a per unit mass basis because of its effect on surface area. Large organic
molecules tend to be adsorbed to a greater extent by organic matter than
smaller ones. Metals may be complexed with organic matter, adsorbed by metal
oxides and/or retained by ion exchange reactions. The relative importance of
each factor varies with the particular metal. The electrochemical potential
(Eh) of a system may also influence adsorption of inorganics by affecting the
stability of iron and manganese oxides that serve as the sorbent. At low Eh,
oxides may dissolve, resulting in release of adsorbed species.

Higher cation exchange capacity is a function of large amounts of surface
area due to the small particle size of decomposed organic matter. The
capacity for decomposed organic matter to bind contaminants is related to its
high adsorption and cation exchange capacities. Many contaminants such as
pesticides and heavy metals are tightly bound to soil constituents in organic
soils. Sand particles are much larger and tend to have relatively low
surface area for adsorption. Sandy sediments with small organic matter
content retain less contaminant bound up on them.

The pH of the system, as influenced by the surface water quality, is a very
important factor controlling the mobility and subsequent migration of
contaminants in the sediments. pH influences the adsorbing properties of
both the adsorber and the adsorbate. The pH levels reported in the field
during river water and sediment sampling ranged from 7.37 to 8.15. The
consistent pH levels along the river indicate the surface water mixing
probably will not significantly alter pH levels and cause increased
solubilizing of contaminants from sediments.
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6.0 ENDANGERMENT ASSESSMENT

6.1 Introduction.

The potential threat to human health and the environment in the absence of
any further remedial action is evaluated in the baseline endangerment
assessment (EA) for the WRR Site. This evaluation provides information which
will assist in determining whether or not additional remedial measures are
necessary and provide justification for performing additional remedial
actions. Preparation of the EA to assess the no-action alternative for the
WRR Site uses the detailed guidance on conducting risk assessments provided
in the Superfund Public Health Evaluation Manual (SPHEM) (U.S. EPA, 1986).

Endangerment assessments may be performed at various levels of detail. The
assessment may range from a qualitative description of potential hazards
through varying degrees of risk quantification. The level of detail required
for sufficient demonstration of endangerment can vary depending on the
intended use of the assessment, the amount and type of information available
and the necessity to quantify certain aspects of risk at a given site. The
assessment performed for the WRR Site is quantitative in that estimates of
contaminant intake by applicable exposure pathways have been determined. In
calculating receptor intake (human dose) of contaminants and quantifying
toxicological hazards, analytical measurements were used from data generated
as a result of remedial investigations. In some instances where analytical
data were unavailable, contaminant concentrations have been projected using
mathematical models to derive exposure point (human contact) concentrations.

Two health risk scenarios have been evaluated for the WRR Site. The first
alternative assumes that current use and conditions prevail at the site and
that no action is taken to remediate the site. Although extensive removal
actions have previously been implemented and recent soil cleanup measures
have been taken, this risk assessment uses the data generated during the
remedial investigation performed by Warzyn as reported in this RI Report.
The second alternative considers reasonable future use of the site assuming
no remedial action and no institutional controls are placed on the site.
Future use of the site could potentially have a wide variety of applications.
Both the future use and current use scenarios are explained in greater detail
in the Exposure Assessment section.
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In general, the objectives of the EA may be attained by identifying and
characterizing the following:

o Identity and quantity of contaminants present in various
media (e.g., air, soil, surface water, sediment and
groundwater).

o Contaminant toxicity.

o Environmental fate and transport mechanisms including
physical, chemical and biological properties that impact
the contaminant(s).

o Migration routes and potential exposure pathways (to
receptors).

o Potential recsptors (i.e., human and environmental).

o Potential for receptors to be impacted (exposed) and to
what extent.

o Comparison of exposures to "acceptable" levels based on
available regulatory and toxicological information.

The following are components of the EA developed for the no-action
alternative at the WRR Site:

o Selection of Indicator Chemicals

o Exposure Evaluation

o Assessment of Toxicity

o Characterization of Risks

This EA is structured to provide a sequential discussion of the components
needed to assess the overall risk posed by no action at the site to mitigate
release of contaminants to the environment. The evaluation process
progresses from selection of chemicals which seem to pose the greatest threat
and/or are representative of the compounds being released from the site,
through determination of populations potentially exposed to releases, the
potential toxicological effects to exposed populations and the risk to the
exposed populations from the exposure.
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6.1.1 Selection of Indicator Chemicals.
Because of the complexity of migration pathways and the large number of
diverse potential contaminants detected in the various media (e.g.,
groundwater, soils, etc.) at the site, an indicator chemical selection
process was used to reduce the number of chemicals to a manageable level for
use in the EA. The selection of indicator chemicals is based on
determination of which compounds potentially pose the greatest human and
environmental health threat. Criteria included in the selection process
incorporate an evaluation of each chemical's known toxicity, site
concentrations and frequency of detection, and environmental mobility as
reflected by the various physical and chemical properties of each chemical
(i.e., K, solubility, vapor pressure, etc.).

6.1.2 Exposure Evaluation.
The exposure evaluation includes identification of actual or potential routes
of exposure, characterization of the exposed populations (receptors) and a
determination of the extent of exposure by estimating exposure levels (human
intakes).

Populations which may come into contact with releases include human
populations, sensitive subsets of human populations (e.g., children, elderly)
and aquatic and terrestrial species which may be at risk. Because human
health risks are determined on a lifetime basis (i.e., cancer potency slopes
and chronic reference doses), various stages in a person's life are modeled.
In this assessment, a 70-year lifetime is assumed to be comprised of 5 years
as a toddler, 15 years as an adolescent and 50 years as an adult.
Calculation of exposure doses for each stage in the life of an individual is
initially done, so that a time-weighted average lifetime dose can be
determined. This lifetime dose is then used to estimate the health risk.

To quantitatively assess health effects associated with releases from waste
materials, the amount of contact with indicator compounds by the receptors
was determined. Human exposure was determined in terms of a daily dose (the
amount of substance absorbed into the body per unit body weight each day).
Where appropriate, daily doses were calculated for multiple routes of
exposure to a chemical or only for specific routes of exposure, if route
specific toxic effects were noted.
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6.1.3 Assessment of Toxicity_._
The known and/or potential adverse health effects associated with exposure to
each indicator chemical are identified. Toxicity data from epidemiological,
animal, in vitro, and structure-activity studies in the scientific literature
were evaluated and interpreted to provide a summary of potential health
impacts. Dose-response relationships were established for both non-
carcinogenic and carcinogenic effects of chemicals, where applicable.

6.1.4 Risk Characterization.
The risk characterization process integrates findings from the exposure
assessment and toxicity assessment sections of this report. Estimates of
excess cancer risk for carcinogenic chemicals are made by multiplying a
carcinogenic potency factor (developed by U.S. EPA) by chronic exposure dose
levels. Non-carcinogenic indicator chemical exposure levels are compared to
reference doses for subchronic (RFDs) and chronic (RFD) effects as provided
in the Superfund Public Health Evaluation Manual. Where RFD and RFDs are
currently not available for indicator chemicals, they were derived. The
basis and methodologies used for the derivation of the RFD and RFDs values
are described for each chemical, where appropriate.

6.1.5 Background.
The previous chapters of the RI Report provide descriptions of the site
location, history, and physical characteristics (i.e., geology, hydrogeology,
etc.) and an evaluation of the chemical constituents found in the following
media:

o Groundwater
o Surface water
o Sediments
o Subsurface soils
o Surface soils

Reference to appropriate sections of the RI Report should be made as
necessary for detailed descriptions of sample locations and the chemical and
physical properties of the various media. Data presented in previous
chapters of this RI Report have been evaluated and transformed in the EA to
obtain estimates of public health risk.
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6.2 Contaminants of Concern (Indicator Chemicals).

More than seventy-five chemicals from EPA's Target Compound List (TCL) and
several tentatively identified compounds (TICs) were detected in samples
taken during Phases I and II of the RI. The range of concentrations,
geometric mean and the frequency of detection of these chemicals are
presented by media in Tables 15, 16, 19, 22, 23, 25, 27 and 29. As suggested
in the guidance provided in the SPHEM, a set of "indicator contaminants" were
selected from these data bases. The contaminants selected are intended to
represent several classes of contaminants that pose the greatest concern to
human health or the environment.

6.2.1 Data Validity and Use.
Due largely to the difficulty in the analysis of chemicals from environmental
media, the usability of the analytical results varied. Chemical
concentration data were frequently estimated or in some cases determined to
be unusable. Determination of data usability was accomplished at several
levels. The contract laboratory included data qualifications assigned for
various reasons indicating problems encountered during analysis. Data
packages received by Warzyn from the contract laboratory (including raw data
and quality control information) were then evaluated for usability by Warzyn
quality assurance personnel. Guidance established by the U.S. EPA (1985,
1988) was used as the basis for this data validation. At this stage, data
usability was determined from the standpoint of the quality of the analytical
procedure as well as from consideration of potential problems associated with
sampling procedures. Data presented in the Appendices show data
qualifications assigned by both the contract laboratory and Warzyn.

Table 32 summarizes the definitions of data qualifiers for organic chemicals
used in this report. Most frequently, data were determined to be estimated
and qualified with "J." The degree of the uncertainty as well as the
direction of the bias (under- or overestimation) associated with the data is
not the same for each estimated value and is often difficult to ascertain for
individual samples. Table 33 lists examples of conditions in which organic
compound analytical results would be qualified as estimated. In this report
estimated data were used with unqualified data for site analysis, since
generally, inclusion of these values would result in a more conservative
(highest) estimation of risks than considering these samples as having no
detectable contaminants.
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The usability of chemical concentration data which were detected in samples
and associated method blanks was determined in accordance with U.S. ERA
guidance (1985, 1988) as described below. The presence of common laboratory
chemicals (methylene chloride, acetone, toluene, 2-butanone and common
phthalates) were considered to be the result of laboratory contamination
(flagged "UJ") if detected in the sample at concentrations less than or equal
to 10 times the concentration detected in the associated method blank. All
other compounds found in samples and method blanks were evaluated similarly,
with the exception that a factor of 5 (instead of 10) was used to distinguish
laboratory contamination. Field blanks were evaluated in the same manner as
method blanks. Thus, if a compound was detected in a field blank, that
compound found in associated samples was considered the result of sampling
contamination if present in the sample at less than or equal to 5 times the
concentration detected in associated field blanks. Data values determined to
be the result of laboratory or field contamination were not incorporated in
site analysis.

The following conditions were employed in the characterization of site risk:
1) when duplicate samples from a location were analyzed, only the highest
value was used; and 2) during the multiple sampling rounds of the RI, several
samples from the same location (e.g., monitoring wells and soil borings) were
analyzed. As above, only the highest chemical concentration at each location
was used for site analysis.

6.2.2 Procedures for Contaminant Selection.
After determination of criteria for data usage, the maximum and
representative concentrations of each contaminant in each environmental
medium at the site were determined. Determination of the maximum
concentration was directly derived from the acceptable data within each set
of results for the same media.

A geometric mean for each of the chemical contaminants was calculated to
determine the representative concentrations in the following media:

o Groundwater
o Surface water (Blue River; on-site pond)
o Sediment
o Surface soils
o Subsurface soils
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After calculation of the geometric mean and identifying the maximum
concentrations detected for each chemical in a given medium, the indicator
selection process incorporated the following factors (based on professional
judgment and guidance provided in SPHEM):

o How often the chemical is found in each environmental
medium;

o What chemical group the chemical is in (the chemical groups
for the WRR Site are volatiles, semi-volatiles,
pesticides/PCBs and metals);

o How hazardous the chemical is (i.e., indicator scores were
calculated based on guidance in SPHEM - concentrations x
available Toxicity Constants);

o The presence of the chemical in relevant media (i.e., media
with which receptors have exposure potential);

o How many environmental media the contaminant is found in;
and

o Contaminant mobility/migration potential.

The pattern of contaminant distribution at the WRR Site indicates areas of
discrete contamination rather than site-wide contamination. It is apparent
from the data that many of the chemicals were detected infrequently and a
particular chemical may have been detected only once or twice in an
environmental medium. This pattern of contaminant distribution complicates
the identification of chemicals which are representative of the potential
exposures associated with the site. Selecting contaminants detected
infrequently at the WRR Site may result in an overestimation of the potential
hazards at the site. On the other hand, for a site such as the WRR Site,
eliminating the infrequently detected contaminants may eliminate areas of the
site that may pose discrete hazards.

Because of the prevailing pattern of contaminant distribution, the indicator
selection process evaluated each contaminant relative to one another on a
site-wide basis rather than as isolated areas of contamination.

The distribution of chemicals associated with on-site waste disposal indicate
some migration through environmental media is occurring. Barring any further
human disturbance (i.e., excavation of contaminated soils) or large-scale
geologic or meteorologic events at the site, the migration of the site
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contaminants will be controlled by site conditions and the inherent physical
and chemical properties of the migrating compounds.

Because the mechanism of release and environmental transport of a chemical
are such important events in an exposure pathway, the physical and chemical
properties of each chemical at the site were integral components in the
indicator selection process. The properties of indicator chemicals were used
to approximate their behavior and migration. The physical and chemical
properties of the indicator chemicals have been obtained from the literature,
as appropriate, and approximated, if necessary. A discussion of the
environmental significance of each of these parameters follows:

o Specific gravity is the ratio of the weight of given volume
of pure chemical at a specified temperature to the weight
of the same volume of pure water at a given temperature.
Specific gravity is primarily used to determine whether
pure compounds, or very high concentrations of the
compound, will float or sink in water in the absence of
other forces.

o Vapor pressure provides an indication of the rate at which
a chemical volatilizes. It is of primary significance
where environmental interfaces such as surface soil/air and
surface water/air occur. Volatilization is not as
important when evaluating groundwater and subsurface soils.
Chemicals with higher vapor pressures are expected to
enter the atmosphere much more readily than chemicals with
lower vapor pressures. Vapor pressures for monocyclic
aromatics (toluene) and chlorinated aliphatics (TCE) are
generally many times higher than vapor pressure for
phthalate esters (bis(2-ethylhexyl)phthalate), polynuclear
aromatic hydrocarbons (PAHs), and pesticides.

o The rate at which a chemical is leached from a waste by
infiltrating precipitation is a function of its solubility
in water. The more soluble compounds are expected to be
leached much more readily and rapidly than less soluble
chemicals. The water solubilities presented in the
literature indicate that the volatile organic chemicals are
usually several orders of magnitude more water soluble than
the base/neutral organic compounds (e.g., PAHs, PCBs).

o The octanol/water partition coefficient is used to estimate
bioconcentration factors in aquatic organisms. A linear
relationship between the octanol/water partition
coefficient and the uptake of chemicals by fatty tissues of
animal and human receptors (the bioconcentration factor)
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has been determined. It is also useful in estimating the
sorption and desorption of compounds by organic soils,
where experimental values are not available.

o The soil/sediment adsorption coefficient is related to the
water solubility and the octanol/water partition
coefficient. This parameter indicates the tendency of a
chemical to bind to soil particles containing organic
carbon. Chemicals with high soil/sediment adsorption
coefficients generally have low water solubilities.
Chemicals with relatively high soil/sediment adsorption
coefficients, such as phthalate esters, PAHs and PCBs are
relatively immobile in the subsurface environment and are
preferentially bound to the soil phase. Compounds with low
solubility and high adsorption coefficients are not readily
transported in groundwater and are generally not
transported great distances if they are introduced in the
groundwater system. Because the high adsorption
coefficient compounds tend to be bound in soil and sediment
particles, these immobile chemicals can be easily
transported with soil particles by erosional processes.
This parameter may be used to infer the relative rates at
which the more mobile chemicals are transported in the
groundwater.

o Vapor pressure and solubility in water are of use in
determining volatilization rates from surface water bodies
for specific compounds. The ratio of the two values
(Henry's Law constant) is used to calculate the equilibrium
contaminant concentrations in the vapor (air) versus the
liquid (water) phases for the dilute solutions commonly
encountered in environmental settings.

Many of the site contaminants are volatile organic compounds. In general,
volatile organic compounds (VOCs) and phenols have higher solubilities and
higher vapor pressures than other site contaminants, such as phthalate
esters, PCBs and PAHs. The physical properties of VOCs and phenols make them
more susceptible to groundwater and atmospheric transport. Compounds in
these classes tend to volatilize readily if they are present in surface soils
or surface water. The high solubilities and low soil sediment adsorption
coefficients of VOCs and phenols make them prone to leaching by infiltrating
precipitation and transport to the groundwater system.

Base/neutral extractables such as PAHs and PCBs are relatively insoluble in
water and have low vapor pressures. These characteristics are reflected in
their higher soil/sediment adsorption coefficients. The primary mechanism by
which the base/neutral extractables move in the environment is by erosion or
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migration of soil or sediment particulates. Compounds such as PCBs and PAHs
tend to have minimal migration, because they are not as susceptible to
volatilization or solubilization, and generally are not major components of
groundwater releases.

6.2.3 Final Determination of Indicator Chemicals.
Brief descriptions of the rationale used for the inclusion of the thirteen
contaminants selected as indicators are presented in the following:

Vinyl Chloride was selected on the basis of its frequency of detection and
elevated concentration in groundwater, both in Phase I and Phase II
monitoring well sample results. Vinyl chloride is also considered a human
carcinogen.

1.2-Dichloroethvlene (DCE) was frequently detected in groundwater, surface
water, sediment, surface soil and subsurface soil samples with concentrations
ranging up to 82,000 ug/kg in soil samples (Phase II) and 56,000 ug/1 in
groundwater samples (Phase I).

Trichloroethvlene (TCE) is an additional chlorinated volatile, selected based
on its presence in groundwater, sediment, surface and subsurface soils. TCE
is also a potential carcinogen. TCE was detected in elevated concentrations
in groundwater (25,000 ug/1 - Phase I) and in subsurface soils (83,000 ug/kg
- Phase II).

Toluene is the fourth contaminant selected from the volatiles class. Toluene
was found to be pervasive at the WRR Site and represents a volatile
contaminant having a lower order of toxicity that the other volatiles.

bis(2-ethv1hexv1 )phtha1ate (DEHP) was selected to represent phthalates in the
semi-volatile group of chemicals. Phthalates are highly pervasive at the
site in soils and water. DEHP was selected to represent the phthalates
because of its carcinogenic potential.

Polvnuclear aromatic hydrocarbons (PAHs) were primarily found at one soil
boring location (SB-18). However, PAH concentrations were elevated, and
outside of the phthalates, were the only other semi-volatile group of
contaminants judged to be of concern at the WRR Site, based on available
data. Although PAHs were detected at a discrete location, their toxicity and
concentration led to their inclusion as an indicator. This potential "hot
spot" was not fully characterized due to limited sampling in the immediate
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site. The PAHs are considered potential carcinogens that were used in the
analysis consist of: Benzo (A) anthracene; Chrysene; Benzo (B) fluoranthene;
Benzo (K) fluoranthene; Benzo (A) pyrene; and, Indeno (1,2,3-CD) pyrene.

Polvchlorinated biphenvls (PCBs) were selected based on their presence in
small localized areas in sediment and soils. PCBs have a high order of
toxicity and although detected infrequently, PCBs were selected also to
represent the organochlorine chemicals of the pesticide/PCB group from which
no other chemicals were selected.

Cyanide and compounds were selected based on their high concentrations in
soils and surface water. Although not a carcinogen, cyanide may be
considered to be a potent non-carcinogen. Cyanide concentrations in surface
water were found to exceed the Ambient Water Quality Criteria (AWQC) for the
protection of humans at two surface water samples.

Arsenic, cadmium, chromium, nickel and zinc Metals were compared to average
soil concentrations (Lindsay, 1979) and further screened by toxicity,
concentration and pervasiveness. Cadmium, chromium, nickel and zinc were
chosen to represent the metals group.

Exposures to the remaining chemicals detected at the WRR Site are not
quantitatively evaluated in this risk assessment. Exclusion of these
chemicals, on either a quantitative or qualitative basis, would not be
expected to substantially alter the outcome of this risk assessment because
these remaining chemicals were either detected at low concentrations,
detected in a small number of samples, have a low order of toxicity or have
been represented by one of the indicator chemicals selected for the
respective chemical groups.

6.3 Toxicity Assessment.

The toxicological evaluations presented characterize the inherent toxicity of
a compound. The evaluations consist of a review of scientific data to
determine the nature and extent of the human health and environmental hazards
associated with exposure to the various chemicals. The end product is a
toxicity profile for each indicator chemical. These toxicity profiles
provide the qualitative weight-of-evidence used to evaluate the actual or
potential hazards associated with the indicator chemicals at the WRR Site.
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Provided in Appendix K are summaries of the main toxicological properties and
adverse health effects of each indicator chemical. The summaries are not
meant to be a comprehensive overview of toxicological characteristics.
Detailed profiles can be found in the toxicological literature.

6.3.1 Dose Response Relationship.
Dose-response relationships correlate the magnitude of the dose with the
probability of toxic effects. The available toxicological information
indicates that many of the indicator chemicals possess both non-carcinogenic
and carcinogenic toxicity in humans and/or in experimental animals. Because
the basic biological assumptions underlying how chemicals produce cancer vs.
how they produce other toxicities differ, the U.S. EPA has developed separate
dose-response protocols for cancer risk estimation and for non-cancer risk
estimation.

Toxic effects considered in the dose response relationship include:

o Non-carcinogenic Health Effects - Non-carcinogenic health
effects may occur upon exposure to a certain dose of a
chemical. Toxicological endpoints, routes of exposure, and
doses in humans and/or animal studies are considered, as
appropriate. Non-carcinogenic health effects are viewed as
possessing thresholds; i.e., doses which must be exceeded
before biological harm is produced. Therefore a health
risk is believed to exist only if established threshold
doses are exceeded.

o The SPHEM provides values for evaluating a chemical's non-
carcinogenic toxicity in the following manner:

RFDs - Reference Dose for Subchronic Exposure
RFD - Reference Dose for Chronic Exposure

o Carcinogenic Health Effects - Exposure to a carcinogen
could potentially be associated with adverse health
implications (cancer). Routes of exposure and doses in
humans and/or animal studies are provided in the toxicity
profiles. Weight of evidence for a compound's
carcinogenicity considers EPA's and the International
Agency for Research on Cancer's carcinogen classification
schemes, and the carcinogen reviews by the National
Toxicology Program (NTP) and the National Academy of
Science (NAS). For those compounds judged to be
potentially carcinogenic in humans, models are developed to
predict cancer risk at low exposure dose levels. Two
models are primarily used by the U.S. EPA: the linear
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extrapolation model and the linearized multi-stage
extrapolation model. Both models produce a straight line
relationship at low dose levels, the slope of which is
termed the cancer potency factor (PF).

o RFDs, RFD and PF values come from EPA's verified reference
doses, evaluations by EPAs Carcinogen Assessment Group
(CAG), and Health Effects Assessment (HEA) documents. The
SPHEM encourages use of these values, thus, they have been
appropriately applied. Available (published) reference
doses and potency factors for the indicator chemicals are
listed in Table 34.

6.3.1.1 Non-carcinogens.
The toxicity values for non-carcinogens are described by an RFDs or an RFD
exposure value. The values represent an estimate of an exposure level not
anticipated to cause an adverse effect over a lifetime (chronic) exposure or
as a result of a shorter period of exposure (subchronic, 10% of an
individuals lifetime can be used as a reference for this exposure period).
Use of this information allows for characterization of long-term and short-
term health risks.

RFDs and RFD values are derived from toxicity studies (usually animal studies
or human epidemiological studies, if available) on the relationship between
human intake and non-carcinogenic toxic effects (U.S. EPA, 1986). They are
designed to be protective of sensitive populations and are route specific.

RFDs values are based on subchronic (10-90 day) animal toxicity studies (some
may be derived from human exposure data). The RFDs is usually expressed as
an acceptable dose (mg) per unit body weight (kg) per unit time (day). It is
generally derived from a no-observed (adverse) effect-level (NOAEL or NOEL)
or a lowest-observed-adverse-effect-level (LOAEL). Uncertainty factors are
applied to NOAELS, to arrive at the RFDs value. The uncertainty factors
include a factor of 10 for extrapolation of animal studies for human effects.
An additional factor of 10 is applied to account for intraspecies
variability.

A similar process applies to RFD values. An exception is that RFD values are
based on chronic (long-term) animal studies. An additional safety factor of
10 is applied if subchronic studies are used in place of chronic studies.
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The RFDs values provided in SPHEM are route specific. Values for inhalation
and oral routes of exposure are provided in SPHEM, however, several of these
values are not available for the indicator chemicals. Also, there are no
values available for assessment of the dermal route. Therefore, several RFDs
values require development. The U.S. EPA does not prescribe to these derived
values although in the SPHEM, consideration of chemicals that do not have
toxicity values (RFD or RFDs) is left to professional judgment for
interpreting hazards at a particular site. Because subchronic exposure
scenarios have been modelled for the WRR Site, RFDs values are necessary to
quantitatively evaluate and interpret the hazards posed by each indicator
chemical. RFDs values provided by U.S. EPA for use in this assessment are
limited, therefore, to provide a method for evaluating indicator chemicals
without published values, several RFDs values have been derived and used.
RFDs values derived for the indicator chemicals are provided below, where
applicable, and summarized in Table 34.

Vinyl chloride An RFDs for vinyl chloride does not currently exist.
However, an oral RFDs value of 0.001 mg/kg/d is recommended. The recommended
value is one-tenth of the American Conference of Governmental Industrial
Hygienists (ACGIH) recommended workplace standard. The dermal and inhalation
RFDs values are assumed to be equivalent to the oral RFDs.

1.2-Dichloroethvlene (1.2-DCE) An oral RFDs for 1,2-dichloroethylene of
0.079 mg/kg/d was derived for this assessment. This recommended dose is one-
tenth of the ACGIH recommended workplace standard. This value is also
applied to the dermal and inhalation exposure pathways. The RFD (chronic)
value was assumed to be one-tenth of the RFDs derived value.

Trichloroethvlene (TCE) A recommended oral RFDs for trichloroethylene of
0.027 mg/kg/d was calculated for this assessment. This recommended reference
dose is also used for dermal and inhalation exposure routes. This value is
one- tenth the ACGIH recommended workplace standard.

bis(2-ethvlhexvllohthalate (DEHP) This phthalate has a chronic reference
dose of 0.02 mg/kg/d (SPHEM). The RFDs via the oral, dermal and inhalation
routes was assumed to be the same.

Polvnuclear aromatic hydrocarbons (PAH) An RFDs for PAHs could not be
determined for this assessment. There is insufficient information in the
scientific literature to estimate or recommend a subchronic reference dose
for PAHs.
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Polvchlorlnated Biphenvls (PCB) PCB does not have an available RFDs. To
derive the RFDs value to be applied to the oral, dermal and inhalation
exposure routes, a safety factor of 100 (0.01) was applied to the lowest dose
reported in the literature that produces a subchronic health effect
(chloracne; Meigs, et al., 1954; Kuratsune, et al., 1972). The reported dose
is 0.03 mg/kg/d; the derived RFDs value recommended for PCB is 0.0003
mg/kg/d.

Cadmium Cadmium has an available oral RFD of 5 x 10'̂  mg/kg/d. This value
is applied to the oral, dermal and inhalation subchronic exposure routes as
an RFDs value.

Arsenic As with cadmium, there is no RFDs value, however, there is an RFD
value of 0.001 mg/kg/d. This value was used in this assessment to represent
oral, dermal and inhalation RFDs values.

6.3.1.2 Carcinogens.
The Carcinogenic Potency Factor (PF) is applicable for estimating the
lifetime probability (assumed 70-year lifetime) of human receptors
contracting cancer as a result of exposure to known or suspected carcinogens.
This index is generally reported in units of acceptable dose (mg) per unit
body weight (kg) per unit time (day) and is derived through an assumed low-
dosage linear relationship and an extrapolation from high to low dose-
responses determined from animal studies. The value used in reporting the
slope factor is the upper 95 percent confidence limit.

Potency factors are available in SPHEM to evaluate the carcinogenic indicator
chemicals and RFD values are available for evaluation of chronic effects
associated with non-carcinogens.

6.4 Exposure Assessment.

The aim of the exposure assessment is to arrive at an estimation of the
magnitude of contaminant intake by exposed populations. This estimation
integrates information on pathways of contaminant migration within the
environment, concentrations of contaminants at points of contact with
receptors, estimations of the degree of receptor contact with the
contaminated media, and factors which address the kinetics of contaminant
entry into the body (e.g., dermal permeability coefficients). This
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assessment is performed using assumptions of population activities based on
current land use conditions at the site and assumptions which intend to
predict possible future conditions at the site.

6.4.1 Exposure Pathway Analysis.
A complete exposure pathway must contain the following elements: 1) the
presence of a contaminated environmental medium, or, for a potential pathway,
a mechanism of contaminant migration from a source; 2) a point at which the
contaminated medium may contact with receptors; and 3) the presence of human
or environmental receptors exposed to the contamination. Under current site
conditions, only complete exposure pathways will be evaluated for their
contribution to overall health risk. Assumptions of site conditions will
define complete pathways to be evaluated for future risk. Figure 39
illustrates potential exposure pathways for current and future conditions at
the WRR Site.

6.4.2 Sources of Contamination.
With the exception of the "discolored area", removal activities which have
occurred at the site (see Section 1.2.3) have removed the majority of
contaminated materials in the known discrete sources of contamination at the
WRR Site. However, surface and subsurface soils have become contaminated as
a result of the disposal activities that took place at the WRR Site. In some
cases, wastes were dumped directly onto the ground. In addition, barrels
containing wastes, located on the ground surface or buried, had corroded and
leaked materials to surrounding soils. Therefore, contaminated soils can be
considered a source of contamination for individuals and wildlife which come
in direct contact with them. These soils can also be considered a source of
future environmental contamination as chemicals migrate from them (e.g.,
leaching to groundwater).

6.4.3 Potential Exposure Pathways Under Current Site Conditions.
Based on the contaminated media identified at the site and current land use
activities at the site, a number of potential pathways for contaminant
exposure exist (Table 35). Figure 40 illustrates these potential pathways.
The following will discuss the potential exposure pathways for a given
medium, their likely exposure potential and relevance to site risk
evaluation.
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6.4.3.1 Groundwater.
The potential for exposure to hazardous chemicals through groundwater exists
for residents of Columbia City who use municipal water and residents who use
water from private wells, should the contaminated aquifer impact these wells.
Results from the recent round of groundwater samples collected from the
Municipal Well #8 and from the nearest private wells indicated that chemical
contamination had not impacted these wells. Since this potential exposure
pathway is not complete, it will not be considered to contribute to health
risk under current site conditions. Potential for contaminated groundwater
impact of potable water sources in the future is discussed below.

6.4.3.2 Surface Soils.
Analysis of surface soil samples from the site show areas of contamination
throughout the property, however, the southeastern section of the site
appears to contain the highest levels of contaminants. Surface soils on most
areas of the site are covered with dense, grassy vegetation, shrubs and some
trees. Three excavated areas, the "oil-decanting pit", the "sludge ravine",
and the "discolored area" show bare soils with minimal vegetation. These
three areas are enclosed by a chain-link fence. These measures, however, do
not completely eliminate the possibility of trespassers entering the site and
coming in contact with contaminated soils.

Exposure to contaminants from soils can result from direct contact and from
contact with fugitive dusts generated as a result of wind erosion of bare
soils. Routes in which contaminated soils can enter the body include
absorption through the skin, inhalation of fugitive dusts and incidental
ingestion of soil particles. Since the areas of exposed soils at the site
are small, the magnitude of exposure to contaminants by fugitive dusts is
likely insignificant and not considered in the estimation of risks.

Although the frequency and extent of trespass onto the site cannot be
determined with certainty, health risk resulting from direct contact with
soils will be evaluated for trespassers, using assumptions about their
frequency and duration of exposure.

Wildlife which inhabit the site may also be impacted by the contaminated
soils. Although an ecological survey was not conducted, the site most likely
supports small populations of birds, small mammals and possibly occasional
deer. Wildlife populations would be exposed to the contaminants through
direct contact and ingestion of contaminated soils. Since these wildlife
populations would likely be small and difficult to estimate, this pathway
will not be included in the assessment of total site risk.
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6.4.3.3 Surface Water and Sediments.
Chemical contaminants were identified at low concentrations in surface water
and sediment samples taken from the freshwater pond on-site and the Blue
River adjacent to the site. Populations potentially impacted by these
contaminated media would include trespassers and terrestrial and aquatic
wildlife as a result of direct contact and/or incidental ingestion of these
media. The potential for significant exposure to contaminants by trespassers
is likely very low since the concentrations of chemicals detected in samples
from the freshwater pond are low and the presence of steep banks adjacent to
the Blue River would inhibit access of trespassers to surface water and
sediment from the site. Contaminants were also identified in a surface water
sample taken from the excavated oil decanting pond. Surface water from this
area, however, was not considered a significant point of exposure since this
area is only wet intermittently and is fenced.

The potential hazard to people potentially consuming contaminated fish
populations at the site are likely small as the Blue River in the vicinity of
the site does not support sport fishing.

6.4.3.4 Subsurface Soils.
Contaminated subsurface soils could become a point of exposure to remediation
workers at the site through excavating activities. The potential hazard
associated with this pathway is predicted to be very low and not considered
in the estimation of site-related risk since these individuals would be
wearing appropriate protective gear.

6.4.3.5 Air.
Potential exists for volatile contaminants identified in soils at the site to
volatilize and present a point of inhalation exposure for on- and off-site
populations. However, results of photoionization detection (HNu) analyses of
air samples taken on-site were undetectable and do not support this
possibility. Thus, this pathway is not complete and will not be considered
in the estimation of site-related risk.

6.4.4 Assumptions of Future Site Conditions and Related Exposure Pathways.
To attempt to estimate risks to populations as a result of future events
which could affect the migration of contaminants detected at the site,
assumptions about natural and man-made changes which influence site
conditions were made (Table 36). Given that these future site conditions are
hypothetical, only scenarios which seemed most relevant to understanding
potential site risk were considered (see Figure 41).
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The following section describes potential changes in the existing exposure
pathways which would occur as a result of future site assumptions as well as
new exposure pathways predicted by the assumptions (Table 36). The
likelihood of exposure by these pathways is also considered.

6.4.4.1 Migration of Contaminated Groundwater Plume to Municipal Production
Well.
Results of the site hydrogeologic investigation indicated that although the
direction and rate of groundwater flow within the upper aquifer is little
affected by the pumping of Municipal Production Well #8, the direction of
groundwater flow in the lower aquifer can be reversed toward Well #8 when it
is pumping. Results of pump testing with Well #8 also revealed the presence
of some hydraulic interaction between the upper and lower aquifer. (Refer to
Section 3 for details of the hydrogeologic investigation). Given these
conditions, increased use of Municipal Well #8 may induce contaminant
migration from the upper aquifer into the lower aquifer and to this well,
impacting users of municipal water. Although not likely, this scenario may
be possible were an increase in demand for water placed on the municipal
system (e.g., presence of an industry utilizing large quantities of process
water). It is also conceivable that malfunctions in Production Wells #6 and
#7 would result in relying solely on Well #8 to supply municipal water
demand. Thus, as a worst case scenario, it was assumed that Well #8 is
supplying municipal water, drawing in part of a contaminated groundwater
plume from the upper aquifer. Assumptions about the proportion of
contaminants identified in the upper aquifer that would likely impact Well #8
were made and a dilution factor of 200 was used to estimate municipal water
contaminant concentrations (Section 3).

This exposure pathway was evaluated assuming water is used by Columbia City
residents for domestic purposes. Routes of contaminant exposure to
individuals using water for domestic purposes include: ingestion from
drinking and cooking, and dermal absorption and inhalation of volatile
chemicals while bathing.

6.4.4.2 Migration of Contaminated Groundwater Plume to Private Residential
Well.
Remedial investigation activities included analysis of groundwater samples
from monitoring wells located on WRR Site property. In addition, groundwater
samples from Municipal Production Well #8, located approximately 100 feet to
the north of the site and several groundwater samples from private
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residential wells located approximately 1/2 mile south of the site were
analyzed. Contaminated groundwater is currently not impacting off-site
wells. Based on concentrations of contaminants identified in monitoring
wells located on the perimeter of the WRR Site, downgradient of natural flow
directions, a significant attenuation of contaminant levels may occur. Thus,
the potential for contaminant impact to existing private wells may be low.

Land to the north and west of the site has been developed for either
industrial or residential purposes. Water used by individuals located in
these directions would be met by the Columbia City water utility. Land
adjacent to the site to the east and south is at present not developed.
Information obtained from the Columbia City Planners indicated that this
property is currently zoned industrial, and will become part of an industrial
park. Thus, the likelihood of residential development in these areas with
installation of a private well is remote.

Groundwater flow conditions off-site to the east and southeast, beyond the
Blue River have not been characterized. The potential health risks
associated with this exposure pathway were assessed by assuming a proportion
of the groundwater contaminants (1/30) impact private wells (refer to Section
3.6 for details on the derivation of the dilution factor). As above,
contaminant intakes were calculated for ingestion, dermal absorption and
inhalation routes of exposure.

6.4.4.3 Site Development for Industrial Purpose.
Columbia City zoning restrictions currently in place limit potential
development of the WRR Site to industrial purposes. To assess potential
health risks which may result from exposure to site contamination, it was
assumed that industrial development would occur in the future.

The potential for residential development of the site was not considered for
the calculation of potential health risks because the likelihood of this
occurrence was considered to be very low. In addition to being zoned for
industrial use, several other factors limit the likelihood of residential
development:

o the presence of nearby industry, would make residential
development unlikely,

o the close proximity of the city landfill to the site would
make residential development undesirable, and
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o residential development of the site would be undesirable
because the site is located in the Blue River floodplain
with the water table approximately 10 feet below the
surface.

Development of the site for either purpose (residential or industrial) would
not be expected to subject the eventual occupants of site residences or
facilities to site contamination since this area would be serviced by
municipal water and site development would require extensive filling. Thus,
exposure to contaminated groundwater and soils would likely not occur.

The most significant opportunity for exposure to contaminants, assuming
future industrial development, would be for construction workers exposed
during construction of the hypothetical industry. Thus, potential health
risks to construction workers exposed by direct contact with contaminated
soils were estimated.

6.4.4.4 Contamination of the Blue River by Site Runoff.
In the event of flooding (the southeast part of the WRR Site is located in
the Blue River flood plain), contaminated soils could be introduced into the
Blue River via surface runoff. Populations potentially impacted could
include: downstream human populations who use Blue River for recreational
activities (swimming), aquatic organisms in the Blue River and populations
(human and wildlife) which consume potentially contaminated aquatic
organisms. However, the Blue River is not conducive to recreational
activities, such as swimming. Also, the river does not support game fish
populations adjacent to the site and is therefore not likely a source of fish
for human consumption. Thus, these potential exposure pathways were not
considered in the evaluation of future site risk since the potential for
significant exposure is likely very low.

6.4.5 Exposure Pathways of Greatest Concern at the WRR Site.
Risk to human health will be quantitatively estimated for the following
exposure pathways using current site conditions and assumptions of future
site conditions:

Current site conditions

o Exposure of trespassers to contaminated soils on-site.
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Future site conditions

o Exposure of Columbia City residents to contaminated water
from the municipal distribution system.

o Exposure of residents to contaminated water from private
wells.

o Exposure of construction workers to contaminated soils
while constructing a hypothetical industry on-site.

6.4.5.1 Receptors Impacted by Contamination.
Activity patterns and assumptions about media contact may vary significantly
with the age of the individual. For this reason, contaminant intake doses
and ultimately health risks will be estimated for subsets of the population
as follows: Toddlers, 0-5 years; Adolescents, 6-20 years; and Adults, 21-70
years.

Trespassers would most likely be comprised of adolescents. Only adults will
be considered to comprise construction workers which would be potentially be
exposed if the site is developed in the future. Risk associated with
exposure to contaminated groundwater from the municipal distribution system
will be evaluated for all age categories.

6.4.6 Estimation of the Extent of Contaminant Exposure.
In this section a quantitative estimate of the dose incurred by a receptor is
made. Medium-specific concentrations of indicator contaminants at points of
receptor contact (exposure point concentrations) are combined with estimates
of media intake rates for receptors in each exposure pathway to arrive at the
receptor's dose. For each exposure pathway, multiple routes of contaminant
entry into the body exist. Table 37 summarizes the contaminant intake routes
for receptors within each exposure pathway considered for risk
characterization.

6.4.6.1 Exposure Point Concentrations.
Values for chemical contaminants within each medium were obtained directly
from the analytical data. Since specific points of contaminant exposure
(e.g., exact locations of trespasser contact with soil) or the specific
pattern of contaminant migration off-site (e.g., specific chemicals migrating
to the municipal well) cannot be determined with certainty at this site,
site- wide geometric means were used to characterize the contaminated media.
This procedure would, however, underestimate the contaminant dose incurred by
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a receptor should it encounter localized areas of high contaminant
concentrations which were characteristic of the WRR Site. For this reason
site maximum concentrations, in addition to geometric averages, were used for
dose calculations. It is to be understood that implicit in risks calculated
from maximum concentrations or average concentrations from localized
contaminants, it is assumed that the receptor contacts only areas with these
contaminant concentrations. Thus, these calculated risks represent a worst-
case situation and the actual risk is directly related to the likelihood of
the assumptions occurring.

Table 38 summarizes the maximum and average exposure point concentrations of
each indicator chemical used for calculation of receptor doses within each
exposure pathway considered for subsequent risk characterization.

6.4.6.2 Media Intake Rates.
Table 39 summarizes age-specific assumed media intake rates for ingestion and
inhalation exposures and critical exposure factors used in the estimation of
intake rates for the dermal route of exposure. The rates and factors
selected are not necessarily representative of all receptors and can be
influenced by multiple factors such as lifestyle, hygiene habits, age,
gender, health and nutritional status and the socioeconomic level. Choices
made for these parameters were intended to represent conservative estimates
of typical or expected intake values. These values were obtained from the
following sources: U.S. ERA, 1985, 1986 and 1987. In addition, assumptions
about the frequency of contact with soils were made for trespassers and
future construction workers at the site (Table 40).

6.4.6.3 Estimation of Contaminant Intakes.
The following will describe the calculations used to estimate contaminant
intake doses for each intake route. Associated with the methods used to
estimate intake doses via all routes are assumptions and limitations. The
most significant limitations with each method are identified. Refer to
Tables 39 and 40 for assumptions of media intake rates, frequency of exposure
events and exposure factors. The intake doses are presented in Tables 41-43.

6.4.6.3.1 Groundwater - Inqestion.
Potential doses of contaminants from ingestion of groundwater can be
estimated using the following relationship:

Trusted dnsp ( contaminant m§ ) ( consumption 1 )
mn/^/Haw? = ( concentration 1 1 ( rate d )(mg/kg/day) (body weight, kg)
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This relationship assumes 100% of all ingested compounds are absorbed from
the gastrointestinal tract.

6.4.6.3.2 Groundwater - Dermal Absorption.
Dermal absorption can be the most important route of exposure for certain
volatile organic compounds present in water. Dermal exposure can be
estimated using the following relationship:

Dermal Dose = (tnHAVHCUPCHFHO.OOl I/cm3)3 (0.5)b
(mg/kg/d) (body weight, kg)

where: te = duration of exposure, 0.33 hour/event
AV = skin surface area available for contact with

water (Table 39)
C = concentration of contaminant, mg/1
PC = dermal permeability constant for contaminant
F = frequency of the event, 1 event/day
a = conversion factor
b = Used for volatile chemicals only. Percentage

of chemical which remains in water (not
volatilized).

The indicator compounds selected most likely vary greatly in their ability to
permeate the skin. However, values for permeability constants for these
compounds do not currently exist in the scientific literature. Therefore, in
accordance with U.S. EPA guidelines, it is assumed that the contaminants are
carried through the skin as a solute in water which is absorbed (rather than
being preferentially absorbed independently of water), and that the
contaminant concentration in the water being absorbed is equal to the ambient
concentration. For this reason, the permeability constant of water (8.00 x
10~4 cm/hr) will be assumed to be the factor for all indicator chemicals
which control the rate of absorption.

When doses of volatile chemicals were calculated it was assumed that 50% of
the chemical volatilizes and 50% remains in solution.

6.4.6.3.3 Groundwater - Inhalation.
The following relationship is used to estimate the dose of volatile chemicals
incurred with bathing or showering.

(190 1 }*
Inhalation dose te(IR)(C)(F)(------)(0.5)b

= ________( 12 m3)____
(mg/kg/day)

(body weight, kg)
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where: te = duration of response, 0.33 hr/event
IR = average inhalation rate, assume light activity while bathing

(Table 39)
C = concentration of contaminant, mg/1
F = frequency of exposure, 1 event/day
a = assume 190 1 of water used per event and dimension of bathroom

are 12m3
b = volatilization factor; assume 50% of chemical volatilizes

6.4.6.3.4 Soils - Dermal Absorption.
The doses of indicator chemicals were estimated for dermal exposure using the
following equation:

Dermal dose = (CjHAVHSAHFHBl
(mg/kg/day) (body weight, kg)

where: C-j = weight fraction of chemical substance in soil (unitless)
AV = skin surface area available for contact with soil, cm2

(Table 39)
SA = soil adherence to skin, mg/cm2 (Table 39)
F = frequency of exposure events, events/day. This is assumed to

be 1.
B = dermal bioavailability factor

This method assumes all of the contaminant adsorbed to the soil particle is
available for absorption through the skin. In reality, only a fraction of
the chemical would be available for absorption; the remainder being bound to
the soil particle. Differences in the dermal permeabilities among the
indicator chemicals were roughly accounted for by estimating the fraction of
compound absorbed (dermal bioavailability factor) as follows: volatile
organic chemicals, semi-volatile chemicals and cyanide, 100%; and all metals,
1%.

6.4.6.3.5 Soils - Ingestion.
The dose of a soil-bound contaminant ingested by an individual can be
estimated using the same relationship described for ingestion of water-borne
contaminants, above. It is assumed that both adults and adolescents ingest
O.lg soil/day.

6.4.6.4 Calculation of Subchronic and Chronic Intake Doses.
Doses of contaminants incurred by individuals were initially calculated as
event-based daily intakes (i.e., dose in mg/kg/day for the sum of the
exposure events occurring per day; e.g., for soil exposure by trespassers
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assume 1 event per day). These doses were then used to calculate daily
intakes for both subchronic and chronic exposures. Thus, the event-based
doses were normalized over the appropriate exposure period. For example, the
subchronic exposure periods for trespassers was 5 years, occurring once per
week for 8 months of the year. Long-term, chronic risks were estimated only
for groundwater exposures since exposure to soils for trespassers and
construction workers was defined to be subchronic, 5 years and 18 months,
respectively.

In addition, chronic lifetime risks were calculated by incorporating
assumptions about the receptors stage of life. It was assumed that the life
of the receptor is composed of three stages: a 5-year toddler stage, a
15-year adolescent stage, and a 50-year adult stage. Doses were initially
quantified for each of these age groups. A time-weighted averaging equation
was then used to calculate the lifetime average daily dose incurred by
receptors in each exposure pathway:

3 (Daily dose for )(Number of Years in)
D = 2 (Specific Age Group)(Specific Age Group)

1-1 70 Years

For example, calculation of lifetime doses for exposure to contaminated water
assumed an individual was exposed from the time of birth to the age of 70.
Lifetime doses for adolescents assumed 15 years as an adolescent plus 50
years as an adult.

Daily doses for subchronic and chronic exposure conditions are presented in
Tables 41-43.

6.5 Risk Characterization.

In this section of the report, the potential risks to public health
associated with chemical release from the WRR Site are presented. This
section has the following subsections:

o Procedures Used to Calculate Health Risk
o Public Health Risk Evaluation
o Comparison of Standards, Criteria and Guidelines
o Environmental Assessment
o Uncertainties in the Health Risk Evaluation
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6.5.1 Procedures Used to Calculate Health Risk.
Health risks in this assessment were evaluated for non-carcinogenic and
carcinogenic effects of the indicator chemicals.

6.5.1.1 Non-carcinogens.
Estimating the risk due to a chemical eliciting a non-carcinogenic effect is
accomplished by calculating a hazard index. The hazard index is obtained by
dividing the estimated site specific subchronic or chronic exposure dose by
the available reference dose for that chemical (RFD or RFDs values). Refer
to Section 6.3.2.1 for explanation of these reference doses.

Estimated Daily Dose (mq/kq/d)
Hazard Index = Reference Dose (mg/kg/d)

If the HI exceeds unity, there is a potential health risk associated with
exposure to the particular chemical evaluated (U.S. ERA, 1986). The HI is
not a mathematical prediction of the severity of toxic effects; it is simply
a numerical indicator of the transition from acceptable to unacceptable
levels.

6.5.1.2 Carcinogens.
Carcinogenic risks can be estimated by multiplying the carcinogenic potency
factor for a compound by the estimate of the individual intakes (doses) of
that chemical.

Risk = (q*)(dose)

Where: q* = Carcinogenic potency factor (slope of the dose response curve,
Section 6.3.2.2) in (mg/kg/d)-1

dose = Amount of a contaminant absorbed by a receptor in
(mg/kg/day)

The resulting number (risk) is a unitless expression of an individual's
likelihood of developing cancer as a result of exposure to the carcinogenic
indicator chemicals. This likelihood is in addition the the risks incurred
by everyday activities. The risk (e.g., 1 x 10'6 or a 1 in 1,000,000 chance)
can also be applied to a given population to determine the number of excess
cases of cancer that could be expected to result from exposure (e.g., 1 x
10'6 is one additional case of cancer in 1,000,000 exposed persons).
Total risks for exposure to multiple compounds can be presented as the
summation of the risks for individual chemical intakes, assuming that there
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are not antagonistic/synergistic effects between chemicals and that all
chemicals produce the same result (cancer). Cancer risks from various
exposure routes are also additive, if the exposed populations are the same.

Carcinogenic risks are calculated using a number of assumptions, therefore
many uncertainties are introduced into the values. Factors limiting the
extent to which the human and environmental health risks can be characterized
are primarily associated with the estimation of toxicity and include various
uncertainties in the toxicological data base. Extrapolation of non-threshold
(carcinogenic) effects from high to low dose, variance in endpoints used for
determination of potential health effects, extrapolation of the results of
animal studies to human receptors, varying sensitivity between individuals,
and other uncertainties make definite characterization of health risks
infeasible.

6.5.2 Public Health Risk Evaluation.
Chronic (lifetime exposure) and subchronic (10% of a lifetime, used as a
reference for this exposure period) hazard indices as well as cancer risks
are summarized by the exposure pathways for each indicator chemical in Tables
44-46. From these values, only compounds with hazard indices >0.01 and
cancer risks >1 x 10'? are presented in Tables 47-49. Risks were calculated
based on site mean and maximum contaminant concentrations identified at the
site to represent "most likely" and "worst case" exposure conditions,
respectively. These values are organized according to exposure pathways and
a total risk for each pathway is calculated by summing risks from individual
chemicals (Tables 47-49).

6.5.2.1 Current Site Conditions.
Exposure of trespassers (assumed to be adolescents) to contaminated surface
soils was considered to be the most realistic scenario for exposure to
contaminants identified at the WRR Site under current site conditions.

Under the assumptions made (adolescents trespassing once/week, 8 months/year
for 5 years), potential non-carcinogenic hazards related to subchronic
exposure and potential cancer risks, were identified. Since it was assumed
that trespassers would be exposed on a subchronic basis, calculation of
chronic risks from non-carcinogenic contaminant exposure was not applicable.
Risks of non-carcinogenic effects which would be expected from subchronic
exposure to indicator chemicals (HI >0.01) were, in general, observed only
for maximum concentrations of the chemicals indicating the localized nature
of site contamination. A HI greater than unity was calculated for exposure

WARZYN



Remedial Investigation Report REVISION: Final
Wayne Reclamation and Recycling, Inc. DATE: June 1, 1989
Columbia City, Indiana Section 6.0 -- Page 6-29

via the dermal absorption route to the sum of maximum chemical
concentrations. Exposure to the maximum concentration of cyanide contributed
the majority of this hazard. Other chemicals contributing to the hazard
included bis(2-ethylhexyl)phthalate (DEHP), PCBs, cadmium, chromium and zinc
(Table 47). Incidental ingestion of soil by trespassers showed a pathway
hazard of 0.32, resulting from exposure to only maximum concentrations of
cadmium, chromium, zinc and cyanide.

The potential carcinogenic risk to trespassers was related primarily to PAHs,
PCBs and arsenic via the dermal absorption and ingestion routes, with
trichloroethene and DEHP contributing a lesser risk via the dermal absorption
route (Table 49). Pathway risk for the sum of the indicator chemicals for
trespassers was calculated to be approximately 100 times greater for the
dermal absorption route than the incidental ingestion route. Calculated
cancer risks from dermal exposure to PAHs (ca. 2.0E-02) and PCBs (ca. 5.0E-
04) are conservative estimates resulting from the localized occurrence of
these compounds at the site.

6.5.2.2 Future Site Conditions.
The potential health risks associated with using contaminated groundwater
were addressed for users of municipal water and water from private wells.
Calculated risks for the two receptor populations are qualitatively similar,
but differ in magnitude as a result of different factors used to estimate
contaminant dilution. Thus, risk to private well water users was estimated
to be approximately seven times greater than that for municipal water users.
Domestic groundwater use includes three predominant routes of contaminant
intake: ingestion from drinking and cooking; dermal absorption while bathing;
and inhalation of volatile chemicals while showering. Of these intake
routes, dermal absorption appeared least significant, showing no non-
carcinogenic hazard indices greater than 0.01 and only a relatively low
cancer risk (ca. 2.0E-05) to maximum concentrations of vinyl chloride for
private well users. Cancer risk to average concentrations of vinyl chloride
for private well water users were approximately 2.0 E-07 via dermal
absorption.

Risks to non-carcinogenic health effects resulting from subchronic exposures
were related predominantly to the volatile chlorinated compounds, vinyl
chloride (VC), 1,2- dichloroethene (DCE) and trichloroethene (TCE) via the
ingestion and inhalation routes. Toluene, cadmium and arsenic produced low
His (<0.1) for private well users. Of the chlorinated volatile compounds,
maximum concentrations of vinyl chloride contributed most significantly to
the health risk (Table 47).
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Chronic exposure to contaminants (non-carcinogens) identified in groundwater
resulted in His greater than unity for DCE via the ingestion and inhalation
route for both municipal water and private well water consumers. Toluene and
cadmium exposure resulted in low chrome His (<0.015) for private well water
users.

Calculated potential risk of cancer was greatest for exposure from VC, (1.5
E-02, maximum concentrations; 1.7 E-04, average concentrations; for private
well water users, ingestion route) via all routes of groundwater contaminant
exposure (Table 49). The maximum concentration of VC was 100 times greater
than the average concentration, resulting in correspondingly higher risks for
exposure to the maximum concentration. TCE, DEHP and arsenic also
contributed to cancer risk via the groundwater ingestion route.

An additional potential pathway evaluated under future site conditions was
exposure of construction workers to contaminated soils. Adult workers were
assumed to be exposed to contaminants 5 days per week for 18 months. Hazard
indices greater than 0.01 for toxic effects consistent with subchronic
exposure were identified for DCE, TCE, DEHP, PCBs, cadmium, arsenic and
cyanide via the dermal absorption and incidental ingestion routes. The HI
for the combination of contaminants was 1.6 (maximum concentrations) and 0.51
(average concentrations) for the dermal absorption route. DEHP and PCBs
contributed approximately equally (ca. 0.45) to the maximum value.
Incidental ingestion produced a total HI of 0.3 for the maximum
concentrations of metals. As for site trespassers, the exposure period was
assumed to be subchronic and therefore, no chronic hazard indices were
calculated.

Cancer risks greater than 1 x 10"7 were identified for the dermal absorption
and incidental ingestion route. Contaminants contributing to the risk
included VC, TCE, DEHP, PAHs, PCBs and arsenic. Of these contaminants, PAHs
contributed the majority of the pathway cancer risk (PAH, ca. 5 E-02, dermal
absorption; ca. 8E-04, ingestion). As above, the localized occurrence of
PAHs results in a conservative risk value.

6.5.2.3 Summary of Potential Health Risks.
Under current and future site conditions, potential health risks to persons
contacting soils (current trespassers and future construction workers) are
related primarily to PCBs, PAHs, arsenic and cyanide. Of these health
threats, risks of non-carcinogenic effects are generally low with only
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cyanide resulting in an HI greater than unity for trespassers, and this only
for the maximum detected concentration. All other HI values calculated for
other compounds were less than 0.5. Although cancer risk exceeds 1 in 100
for trespassers and construction workers via the dermal absorption route, the
risk value is nearly entirely related to PAH exposure which would occur at
few areas at the site. In the absence of remedial actions, the likelihood of
individuals contacting these localized contaminants as assumed for the
calculation of risk values, would be lower, thus reducing risk values.
Additional non-carcinogenic and carcinogenic risks were identified for TCE,
DEHP, cadmium, chromium, arsenic, zinc and cyanide via soil contact.
However, these risks were, in general, identified only for maximum
concentrations and not site averages. Therefore, actual risk associated with
these compounds would probably be lower due to the localization of the
contaminants.

Potential future risks to individuals drinking contaminated water are related
to the chlorinated ethene compounds, DEHP and arsenic. The majority of non-
carcinogenic health hazards were related to vinyl chloride (subchronic
effects) and DCE (chronic effects) exposure. Exposure to vinyl chloride,
TCE, DEHP and arsenic resulted in cancer risks greater than 1 in 100. In
that conservative assumptions were made for groundwater risk calculations,
actual risks are likely much lower. For example, hazard to contaminated
municipal groundwater assumes that Municipal Well #8 is the sole supplier of
municipal water. For cancer risk, this situation would have to occur for an
individual over 70 years.

As a result of the intention of the risk analysis, which is to predict
scenarios of greatest hazard, actual risks to individuals exposed to
contaminants originating from the WRR Site are likely to be lower.

6.5.3 Comparison of Standards. Criteria and Guidelines.
Tables 50 and 53 contain Safe Drinking Water Act Maximum Contaminant Levels
(MCL), Clean Water Act Ambient Water Quality Criteria (AWQC) for protection
of human health and aquatic life and Indiana Water Quality Criteria (IWQC -
applicable to all waters of the state). The following paragraphs provide
brief descriptions of these criteria and a discussion of their comparison to
on-site indicator contaminant concentrations in groundwater and surface
water, as appropriate.
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6.5.3.1 Maximum Contaminant Level (MCL).
The MCL is an enforceable standard designed to determine safe levels of a
given contaminant in the public drinking water supply. The MCL as defined
under the Safe Drinking Water Act is the allowable lifetime (70 yr) exposure
(2 1/d) to a given contaminant to an average adult (70 kg) not be exceeded
without risk to health. Factors involved in its determination include
gastrointestinal absorption, a safety factor to protect potentially sensitive
populations and the economic and technical feasibility of treating raw water
to achieve these levels.

Maximum Contaminant Level Goals (MCLGs) are the non-enforceable health
guidelines for a contaminant level in drinking water which would cause no
known or potential adverse effect. MCLGs, which are always less than or
equal to MCLs, consider only health-based criteria.

Below are chemicals found to exceed MCLs at some monitoring well locations.

Vinyl Chloride Seven Phase I monitoring well samples exceeded the vinyl
chloride MCL of 2 ug/L (MW-1S, MW-3S, MW-4S, MW-10S, MW-11S, MW-83A(S), MW-
83A(D)) and eleven Phase II monitoring well samples exceeded the MCL (MW-1S,
MW-3S, MW-4S, MW-8S, MW-9S, MW-10S, MW-11S, MW-12S, MW-14S, MW-83A(S), MW-
83A(D)). See Table 50.

Trichloroethvlene Trichloroethylene was found to exceed its respective MCL
(5 ug/L) in one monitoring well sampled during Phase I (MW-9S) and the same
monitoring well in Phase II sample data. See Table 50.

1,1-Dichloroethvlene and Benzene Although these chemicals were not evaluated
as indicators in the risk assessment, 1,1-dichloroethylene was found to
exceed its MCL of 7 ug/L in three Phase II monitoring well samples (MW-3S,
MW-9S, MW-10S) and benzene exceeded its MCL (5 ug/L) in one Phase II
monitoring well sample (MW-10S). See Table 50.

Arsenic Arsenic was the only metal detected at one monitoring well location
sampled during Phase I that exceeded its MCL of 50 ug/L (MW-83A(D)). See
Table 51.

6.5.3.2 Ambient Water Quality Criteria (AWQC).
The AWQC, defined under the Clean Water Act, are non-enforceable guides which
estimate ambient surface water concentrations that will not result in adverse
human health effects. The estimates, which assume a lifetime (70 yr)
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exposure to an average adult (70 kg), were calculated assuming two exposure
pathways: drinking water (2 1/d) and aquatic organisms (6.5 g/d) or aquatic
organisms alone. In the case of proven or suspect carcinogens, the estimates
are calculated to represent incremental levels of cancer risk.
Characterization of potential threats to the environment can also be based on
a comparison of chemical concentrations in surface water to AWQC guidelines
for the protection of freshwater aquatic life.

Of the AWQC available for the chemical detected at the site, methylene
chloride was the only organic contaminant in surface water found to exceed
its respective AWQC value for the protection of humans. AWQC for the
protection of aquatic life is discussed in the Environmental Assessment
section.

Methylene chloride Surface water location SW-10 sampled during Phase I
exceeded the methylene chloride AWQC of 0.19 ug/L for the protection of
humans. However, the measured concentration of methylene chloride (a common
lab contaminant) at SW-10 (6.0 ug/L) was only slightly above the CRQL (5
ug/L) and may be attributed to lab contamination. See Table 52.

6.5.3.3 Indiana Water Quality Criteria (IWQC) for Groundwater.
The Federal MCLs have been adopted by the State of Indiana as standards for
drinking water. Exceedances of these criteria have therefore been presented
previously.

6.5.4 Environmental Assessment.
This section discusses potential exposure and environmental effects of site-
related contaminants on aquatic and terrestrial biota.

6.5.4.1 Potential Exposures.

6.5.4.1.1 Surface Soils.
Contaminated surface soils present direct contact exposures to terrestrial
wildlife and may contaminate aquatic organisms in surface water through
surface runoff. Once in the surface water, contaminants may settle out in
sediment or dissolve in the liquid phase. Exposures to terrestrial wildlife
or aquatic species via the above pathways may lead to accumulation of
contaminants in animal tissue. However, the population of terrestrial and
aquatic species and extent of biota contamination is not currently documented
to allow for further evaluation of these potential exposure impacts due to
contaminated surface soils.
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6.5.4.1.2 Surface Water/Sediments.
Limited sampling occurred during the remedial investigation for surface water
and sediment. The surface water analytical results do not suggest high
levels of contamination nor high frequency of contaminant detection.
Contaminants were detected in greater variety and frequency in sediments.
Sediment contaminants include several volatiles and metals, and some semi-
volatiles (phthalates) and PCBs.

Aquatic and terrestrial species are expected to be the receptors of most
concern with regard to the surface water and sediment mediums. Biouptake of
contaminants in surface water and sediment may result in potential injury to
the animal and the possibility of bioconcentrating contaminants in the
tissues of these organisms. There is also the possibility for
biomagnification of contaminants in the food chain.

The extent of environmental hazards due to surface water and sediment
contamination is unknown due to insufficient information.

6.5.4.2 Environmental Effects.
Dose-response relationships for environmental effects are limited to
comparison with the Aquatic Water Quality Criteria (AWQC) for the protection
of aquatic life. These criteria specify the concentration of a compound in
surface water which, if not exceeded, should protect most aquatic life.
These criteria derived from both plant and animal data and were developed to
protect the types of organisms necessary to support healthy aquatic
communities. AWQCs and IWQCs may not protect aquatic life under all
conditions. Tables 28 and 52 list the AWQC available for chemicals detected
at the WRR site. Eight surface water locations exceeded the AWQC for
protection of aquatic life for copper (AWQC = 6.5 ug/L; see Table 28). Lead
exceeded its AWQC for protection of aquatic life (AWQC = 1.3 ug/L) at three
locations (see Table 28). All surface water locations in the river exceeded
the AWQC for protection of aquatic life for total cyanide (AWQC = 5.2 ug/1),
including upstream locations. Two on-site surface water locations also
exceed background.

6.5.5 Uncertainty.
There are several areas of uncertainty in this assessment of public health
risk at the WRR Site: quantification of exposure doses for each receptor
population; extrapolation of high dose animal toxicological data to low dose
human exposure health risks; and the use of indicator chemicals to represent
total site risk.
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With respect to uncertainties associated with quantification of exposure
doses, assumed behavior patterns and chemical fate modeling contain inherent
uncertainties. In assessing populations exposed for the WRR Site EA,
information from local agencies and site investigators was used. Because it
would be impossible to model specific behavior patterns of the individuals
around this site, certain representative population behavioral assumptions
had to be made (Tables 39 and 40). In general, these behavioral assumptions
are conservative, leading to over-estimations of health risks for each
receptor population. Some of the more conservative behavior assumptions in
this assessment include:

o Individuals residing near the WRR Site will live in the
area for 70 years.

o Adolescents wno play (trespass) on the site come into
contact with surface soils at the frequency described in
the Exposure Assessment section.

o The hypothesized future industrial development of the site
exposes workers.

o Contamination remains steady state and is dependant on data
collected during the remedial investigation while ignoring
current on-site remediation (e.g., removal of contaminated
soils).

Several uncertainty factors may be associated with the use of data as a
result of sample analyses and validation of the data. Data with estimated
concentrations of compounds (data flagged with "J") were used in the
assessment even though a certain amount of error may be associated with the
estimated value, the result of which may be a value greater or less than the
reported value.

Animal or human extrapolation of toxicological data, as well as high dose to
low dose extrapolation, also contains considerable uncertainty. This
uncertainty is inherent in the various RFDs, RFD and PF values used in this
assessment. Because the current RFD and PF values reported by the U.S. EPA
were used in this assessment, no further comment on the degree of uncertainty
in each of these values will be mentioned here.
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Published RFDs values were available for four of the twelve indicator
chemicals for this site. Therefore, most of the RFDs values were derived.
Because these reference doses are considered short-term exposure 'standards',
fractions of OSHA/NIOSH workplace standards were used to calculate RFDs
values.

The magnitude of the uncertainty associated with the use of indicator
chemicals to evaluate the 'total risk' of this site is largely dependent upon
the selection process for the surrogate compounds. In an earlier section of
this chapter is the documented procedure used for this selection process and
the rationale for selecting these chemicals. Based on the guidance for
indicator chemical selection (U.S. EPA, 1986), preliminary judgment indicated
the majority of the risk to the public would be determined with the selection
of the 12 indicator chemicals chosen.

Related to this last point is the assumption used to evaluate exposure to
multiple carcinogens or multiple non-carcinogens. Both the possibility of
synergism between chemicals and the possibility of no toxicological
interaction between chemicals exist. The assumption of an additive effect
between chemicals is an attempt to be conservative in this assessment, but
leads to additional uncertainty with respect to specific chemical mixtures.

Because the final health risk estimates at this site are ascertained by
comparing the estimated exposure doses (with their uncertainties) with
appropriate reference doses (with their uncertainties), the final risk
estimates should be viewed as approximate only. The health risks which have
been calculated for this site should be used more on a relative (or
comparison) basis by risk managers, rather than on an actual risk basis.
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7.0 SUMMARY AND CONCLUSIONS

7.1 Geology and Hydrogeology.

The WRR Site is located on top of about 200 feet of unconsolidated glacial
materials which overlie a shale and dolomite bedrock. Two separate aquifers
have been identified beneath the site: an upper water table aquifer, and a
lower confined aquifer. The upper aquifer is not known to be used as a water
supply source, but the lower aquifer is the major water resource for Columbia
City and the surrounding population. Columbia City's municipal well field is
located north of the east half of the WRR Site, and one of two city wells is
pumped approximately 8 to 10 hours per day.

Groundwater flow in the upper aquifer is from west to east. Surface water
elevations indicate that the upper aquifer is recharged west of the site, and
discharges to the Blue River along the east and south boundary of the site.

In the lower aquifer, the regional hydraulic gradient indicates that natural
groundwater flow is from northwest to southeast, thus away from the city
wells. When the city wells have not been used for 12 hours, the gradient is
to the southeast. However, pumping the wells has the potential to reverse
the horizontal hydraulic gradient in the lower aquifer. After 8 hours of
pumping, the gradient beneath the site sloped from south to north, toward the
well. The intensity of the regional gradient to the southeast is about 30
percent higher than the gradient beneath the site caused by pumping. In
addition, at current water demands, the city wells are utilized less than 50
percent of the time. As a result, the average gradient is away from the city
well field, with the regional gradient to the southeast. On a daily basis,
groundwater migration beneath the site could be described as "taking three
steps toward and four steps away" from the city well field.

Vertical hydraulic gradients were also observed to reverse between pumping
and non-pumping phases. After 12 hours of recovery, an upward gradient was
measured between the lower and the upper aquifer. After 8 hours of pumping,
the vertical gradient was downward. The maximum downward gradient was two to
four times greater than the maximum upward gradient, suggesting that there is
a potential for leakage from the upper to the lower aquifer. Considering
only the potential for downward migration, it is estimated that the maximum
leakage volume from the upper to lower aquifer for the entire 30-acre WRR
Site is on the order of 8 gallons per minute, during the time when the pump
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in city well #8 is operating at 1500 gallons per minute. Therefore the
dilution factor would be approximately 190:1 (1500/8).

7.2 Previous Cleanup Activities.

Altogether, previous removal actions have resulted in the removal of more
than 13,000 tons of material from the WRR Site. With the exception of the
"discolored area", these removal actions have removed the majority of
contaminated material in the known disposal areas on the WRR site. At the
"discolored area", the method of deposition seemed to be random spillage or
leakage. Based on visual observations of the sidewalls of the excavation,
residual waste exists primarily to the east and north of the "discolored
area". There are also portions of the south and west side walls where
contamination was observed. However, the remaining material would probably
be better characterized as contaminated soil rather than waste. For purposes
of the RI, these materials are referred to as Soil/Waste.

7.3 Nature and Extent of Contamination.

Sampling and chemical analysis of soils, waste, groundwater, surface water
and sediments were performed at the WRR Site.

To assist in the evaluation of the extent and migration of hazardous
substances at the site, similar types of compounds have been grouped together
(Table 13). Chlorinated ethenes and to a lesser extent chlorinated ethanes
and toluene were the predominant group of organic contaminants, occurring in
all discrete media. In general, chlorinated ethene concentrations increased
with depth. While low levels (<200 ug/kg) of chlorinated ethenes were
detected in many areas of the site soil, the majority of the high levels were
detected in a few areas of the site:

o At the location of SB-7/MW9, elevated levels of volatile
organics were detected during Phase I. Subsequent sampling
in Phase II showed that the lateral and vertical extent of
soil contamination in the area is probably limited.
Elevated levels of volatile organics in groundwater were
detected in the monitoring well at this location; however,
its extent is also limited because groundwater in the area
would move directly south and discharge to the river.
Current testing of surface water samples downstream of this
area do not detect any measurable impact on the river.
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At the location of SB-40/MW14S, a similar situation occurs.
Visual observations of surface soils in the area suggest
that the lateral extent of this contamination may also be
1imited.

At the location of SB-2/MW7S, low levels of volatile
organics (primarily tetrachloroethene and trichloroethene)
were detected during Phase I. There is a limited area of
contamination visible at the surface in this vicinity
(there are also small patches of contamination vivibl e at
the surface in the vicinity of SB-19). Subsequent sampling
in Phase II did not detect any significant sources of
volatile organics in the subsoils. Groundwater in this
area contains elevated levels of 1,2-dichloroethene. It is
possible that the tetrachloroethene and trichloroethene
detected in the subsoils are degrading to
1,2-dichloroethene. The lateral extent of groundwater
contamination may be limited based on the detection of only
vinyl chloride in MW4 located approximately 200 feet
downgradient.

In several areas in the southeast area of the site, high
levels of volatile organics were found. The wide scatter
in total chlorinated ethene concentrations, even for
borings located very close to each other (i.e. SB-36 and
SB-24; SB-12 and SB-32) suggests random spillage as opposed
to large scale dumping. In addition, the removal action at
the site in 1988 caused the removal of a significant volume
of soil from this area (Figure 4). In particular,
contaminated soils from around MW3S, SB-12, and SB-36 have
been removed. Groundwater immediately downgradient of the
contaminated soils also contained elevated volatile
organics (i.e. MW3S, MW10S). However, the data show that
migration of volatile organics may be limited. For
instance, when the results of total chlorinated ethenes
from MW10S (61,500 ug/L) are compared to the results from
MW11S (48 ug/L) located 250 feet downgradient, it is
apparent that there may be either very little migration of
contaminants with groundwater flow or very high attenuation
or degradation occurring. It appears that some volatile
organic compounds have migrated through groundwater to the
sediment and surface water of the Blue River. The total
chlorinated ethenes detected in surface water in the river
were below the contract required quantitation limit (CRQL);
total chlorinated ethenes detected in river sediments were
near the CRQL at two locations (SD-4 and SD-5) and were
detected at 1,230 ug/kg at SD-3.
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Phthalates were frequently detected in all the discrete media; however,
concentrations and distribution showed little correlation within and between
media.

The distribution of PAHs at the Site was very limited and generally located
in the upper 2 ft of the soils. The analytical results indicate at least two
localized area of elevated PAH (SB-18 and SB-20) concentration on-site, but
PAHs were not detected below a depth of six feet. No appreciable PAH
concentrations were detected in groundwater, surface water or sediment
samples.

Several inorganic parameters were detected in on-site soils at concentrations
above what would be considered as the common range for "natural soils." Of
the metals group magnesium, cadmium, copper, zinc and lead were detected at
levels above these common ranges in subsurface soils. In general, the
elevated levels of these compounds coincided with the areas described above
for organic compounds. Metals were usually detected in highest
concentrations in the top two feet of soils. However, one apparently
isolated area of considerably high concentrations of these elements was
detected approximately midway between the freshwater pond and the northern
boundary of the site (SB-17).

Aluminum, barium, manganese and arsenic were the only inorganic constituents
detected in groundwater at concentrations above expected levels for trace
metals. As with the organic compounds, the extent of migration may be
1imited.

Elevated total cyanide concentrations were detected in surface and upper soil
boring samples. The higher levels of cyanide were not detected outside of
the areas discussed in the dot list above. Total cyanide concentrations in
groundwater were not excessively high.

Concentrations of inorganic parameters in surface water and sediments from
the Blue River adjacent to the site were not significantly above those
upstream from the Site boundary, with the possible exception of copper and
zinc in sediments. A slight increase in cyanide concentrations was observed
adjacent to the site as compared to upstream concentrations. Concentrations
of inorganic parameters in on-site surface waters and sediments were elevated
in the vicinity of SW-9, SW-10, SW-11, and SW-12.
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7.4 Fate and Transport.

The distribution of contaminants in on-site soils affects current and
potential migration to other media. Contaminants currently at or near the
surface and adsorbed to soil particulates (metals, total cyanide, PAHs) are
most likely to migrate with surface water runoff, erosion and to a lesser
extent with airborne dust. However, during normal runoff conditions,
migration would be to the center of the southeast area as opposed to off-site
via the Blue River with the exception of one small low area near the
collapsed WRR garage. Future potential for the migration of site
contaminants into the Blue River as a result of surface water runoff and/or
erosion would only occur during flood conditions.

Contaminants currently in subsurface soils (chlorinated ethenes, chlorinated
ethanes and toluene) migrate through the soil phase and into the water table
with groundwater recharge. This process appears to have taken place at the
Site. The predominant site-related contaminants in the upper aquifer are the
chlorinated ethenes, chlorinated ethanes and, to a lesser extent, toluene.
Most of the contamination is adjacent to the Blue River and will probably
migrate towards the river. However, current data suggest that no large scale
migration of contaminants to the river is occurring. Although, chlorinated
ethenes have been detected in the Blue River, the concentrations at all
sample locations were below the contract required quantitation limit.
Although there is the potential for migration beneath the river to the east,
the attenuation or degradation of compounds that occurs between MW3S and
MW11S suggest that contamination may not be detected east of the river. The
analytical data indicate that the aquitard at the base of the upper aquifer
appears to limit downward migration to the lower aquifer.

The attenuation of contaminants in soils and groundwater is controlled by
many physical, chemical and biological processes. Currently biochemical
degradation of the chlorinated ethenes and chlorinated ethanes appears to be
taking place. The occurrence of clay and silt in area soils enhances the
potential attenuation of site-related contaminants through adsorption.

7.5 Endangerment Assessment.

An assessment of public and environmental health risks was conducted for the
WRR Site. The process was made up of four components as suggested in the
Superfund Public Health Evaluation Manual (U.S. EPA, 1986): indicator
chemical selection, toxicity evaluation, exposure assessment and risk
characterization.
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As a result of the indicator selection process used, vinyl chloride, 1,2-
dichloroethene, trichloroethene, toluene, bis(2-ethylhexyl)phthalate,
polychlorinated biphenyls (PCBs), polynuclear aromatic hydrocarbons (PAHs),
cadmium, chromium, nickel, arsenic, cyanide, and zinc were considered to
represent the greatest potential public health threat of the contaminants
detected at the site.

Two exposure scenarios were evaluated in the baseline risk assessment:
current site (use) conditions and plausible future site (use) conditions.
The current use scenario evaluated exposures to potential trespassers on-
site. The site is zoned for industrial use, thus, for future site
conditions, it was assumed that the site may be developed and that
construction workers would be exposed to surface and subsurface contaminants.
It was also assumed for the future use scenario that Municipal Well #8 may be
contaminated (i.e., drawing groundwater from the contaminated aquifer) under
an increased demand for its use as the area develops. In addition,
assumptions were applied to estimate potential risk should groundwater
contaminants migrate to existing private wells.

Both current and future use scenarios were based on the premise that no
action would be taken to mitigate release of contaminants from the site and
no restrictions would be imposed.

Based on current use conditions at the site, no risks were identified through
exposure to contaminated groundwater. Under current conditions, only
trespassers were identified as incurring some potential risk, through
exposure to contaminated soils. Actual risk to trespassers is likely to be
much lower than the calculated risk because the contaminants that contributed
to the majority of the risk occur in discrete, localized areas. In addition,
the number of individuals likely to trespass on the site is probably very
low, thus further reducing the potential for exposure at the site.

Under the assumptions made to assess future site conditions, risks from
exposure to contaminated soils were estimated for construction workers
potentially working at the site in the future. As described above for site
trespassers, actual risks associated with this activity would be very low
because the areas of contaminated soils are localized. In addition, the
number of exposed individuals would be small, thus reducing the probability
of contact. Under future site assumptions, risks were estimated for users of
municipal water and users of private well water. However, these risks would
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be realized only if there were to be a dramatic increase in the water usage
by Columbia City (i.e. pumping would probably have to increase to 16 hours a
day from the current 8 hours a day). In addition, the assumption that the
contaminant levels at the municipal well result from simply the dilution of
contaminants (by a ratio of downward flow from the upper aquifer to total
flow in the municipal well) is conservative. The assumptions used in the
endangerment assessment are also very conservative. The sum of all these
factors may result in the actual risk being lower than the calculated risk.

The risk characterization section of Chapter 6.0 provides a detailed
description of potential risks to current and future users based on the
conditions and assumptions applied in this assessment. Because the final
health risk estimates were ascertained by comparing estimated exposure doses
(with uncertainties) with appropriate reference doses (with uncertainties),
the risk estimates shou'id only be viewed as approximate. The risks
calculated should be viewed on a relative rather than actual basis. A
summary of the estimated lifetime cancer risks associated with this site can
be found in Table 49.
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AND MARCH I9M.
son acmes ISS-A TO se v wo SB-27 TO sa-w
FOB PHASE I WERE OPJILEO 8Y EXPLORATION
TECHNOLOGY HC. CETIILMOER THE SUFERVISOI OF
WMZYN M JULY HO AUGUST IWO
LOCATION OF JOH eOPWOS WERE FKLO LOCATED
BY MWZYN SURVEYORS ON MARCH M. I9M FOB
PHASE I <HO AUGUST 26. HH FOR PHASE I 1

• / . , :i
• ' ' .'/ - '

ii

FIGURE 5
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UOMTORM) WB1 LOCAMH * B
lOMIORM) WEtl. UOCATBN « NUMBER (PHASE II
MOMTCMN9 WEU. tOCATUN I X

•O*f HWF OMJOE LOCATION 1 MMBEft

•*• WW COOTflUCrB FNOH VMM.OEvaomxr MMM oew. SUKVEY. MCHOW OWED
VEnnC«.IMnjMI(aTEOWUM,UMSD«Ull
a STtE OWIM MMUi UO RET. OOHIDIM

MOMTOHM «UJ MMU KWUCW NO oan
tMUhMnM «D MMM MM CHUCD MB
iMoiia>imuN-MOM*r MC UOM nc
WPBMHM (» KMMKAMOCMB M IMT Ml

• LOCAnM OF MOMTOnNG WELLS WERE F*LO LOCATEO
8T WMUYN SUVEYOS OH UWCH 23. IM> FOR PHASE I
MO MOUSf » KM FOB fWSf I

» STAFF OAUOES ARE CONStRUCTED OF IRON POLES
AMD MERE MIAUEO BY WM2VN ON
MWCMHIMH.

9 lOCATOe OF STAFF GAUGES WERE FIELD LOCATED
BY WAKYN ON UMCH 23. KM

OHUIO «M> MUUBI IT DVUMMICK

Of *MZm MMMMir NO UWKX MM.
MOMnCMO MUt •MOl ID UWMt Mn, Mna

UK»I THi WBMKM OF WAKYM M JUT AW

RH MU. Wt «M CMUO AW MmilD ir ALOOM, mwn MU DMJJNB OONIWCRXI OH
M* fa* nc Mane UK or

MMNB MOUIt THI MU • NO IOOBI MW
UMD AW TW PUT HM V

Iill

"

FIGURE 7



—————————————— : ———— 7 Mn-r-uftffMnoo
y / . ^ 77 — -J--1 *** **n8lfc0'11

'•*•-

r
CO
111
ff

n

if! n
ii WPjjl fJ!!H|i
. I « S J 5 - 'siliiiii ii

« «



r

;

1
ii



BASE MAP DEVELOPED FROM COLUMBIA CITY, INDIANA
7.5 MINUTE USGS TOPOGRAPHIC QUADRANGLE MAP
DATED 1965, PHOTO REVISED 1981

LEGEND

CITY WELL

(23) PRIVATE WELL
:L north
^ PRIVATE WELL SAMPLED IN PHASE II SCALE: r-2000

CITY WELL SAMPLED IN PHASE II

FIGURE 10

60128.04-A3

VN/ARZYN CITY & PRIVATE WELL LOCATION MAP

WAYNE RECLAMATION AND
RECYCLING RI/FS
COLUMBIA CITY. INDIANA
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MONDAY AUGUST

NOON

22 TUESDAY AUGUST 23

MIOMOHT NOON MIOMOHT

WEDNESDAY AUGUST 24

NOON

THURSDAY AUGUST 25

NOON

FRIDAY AUGUST 26

MIDNIGHT NOON

12:00 PM ttOO PM 12:00 AM
i'| r i'|' i i i i | i i | r i |' iri '\ ( \'\ i 'i | i i | i •t-'-r-r

6:00 PM 12:00 AM 8:00 AM 12:00 PM COO PM 12:00 AM COO AM 12:00 PM

FIGURE 12
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c 111

HYDROGEOLOGIC
CHARACTERISTICS

GLACIAL MIFT AQUIFERS- Locally an
oicallant watar waply . Ovar 90 % of
CohMiblo CHy municipal and prioala
Mid uliliit IIWM aquifan. Mtdian s*
•all raild « 25O gpm s'

DOLOMITE AQUVEMS' Principal sourct
of domorte i«l»lin uHd MtoniintHi
in WMMbogo CoMfy. About 10 % of
Columbia City private Mill utilii*
tlw uppar portion of tkn aquMtr
formation. Modnm Mil ywld = 179 gpm

SANDSTONE AQUIFERS- Major Murn
of arowiOMKr far Mtrmadiata yiald
taapliat (t.g. upta JOOgpm) Not
prauntly bang atlllnd in In*
Columbia Clly art*.

NOT AN AQUIFER

SYSTEM

PLEISTOCENE
DEPOSITS

DEVONIAN

SILURIAN

OROOVICIAN

CAMBRIAN

PRECAMBRIAN

* Z t
NW COLUMBIA CITY, INDIANA > 3 "3

' ————————— * ————————— > ^*n. ™ 3g- i _ 1 IJ ?§
U N C O H t O L I O a T C D °

• TniUH IHULC

———————————— sftttlVHWWiKbBfcj —————————
\-900

• <LIN> roRHATHHI .

VUBA1H POHIUTION
r°

• ALAMONK OOLOHITE 1,000-

"^ (MASS FIELD LINMITOME-*'̂

MAQUOKET* VIIOUP

TRENTON UIHEITONE | QQO-

• LACK RIVER LIHECTONE

KNOX OOLOIIITE

2,000-

-1^00 ,AU CLAIRE rOMATION

2.9OO-

-2POO MOUNT *MON IANDIT001E

S.OOO-

PRECAIIIRIAN (AtEMENT

-2,900

SE

,* 4
4 l *

î i*

f-&
fr^r
/ / /
{ f j
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•h^7
/ / /
s s s
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TT4-
1 1 1

y yr / /
/ /
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LITHOLOGY
(ROCK TYPE)

NEAR BLUE RIVER- Silt.taMl and graval
moitly oll«iu«i, MortinMilla Fornalkin

V AWAY FROM RIVER'Till (lilly clay)
CV mottly around «oraiM a*potiri,Lar4a
XX formation
\\\ SHALE > BmmWi-MacIi and grawMi fray
\\ DOLOMITE • LIMESTONE' Ton ta gray brom
\ DOLOMITE • Dantt and ftaa gramad ml* IMn lomkwtiont

-̂\ DOLOMITE- Fin* grairad, llgM gray to brom
DOLOMITE' Gray to Mua , vuogy

~--̂  DOLOMITE - Brow mottM blua-aray, MM clay taiiMM
^^ DOLOMITE ' Fir* aramad.Mny.dark. thin than kmiinaa

DOLOMITE • Fina groMd, w(«y to granulw, Mita to

-̂\ DOLOMITE i Similar to Sotamomt, Mmntat coanar
SHALE B LIMESTONE • Intarboddod

LIMESTONE -Oolaniit*, ton, foiiilifarout
LIMESTONE ' Oolomita, dark, clayty

DOLOMITE • Fintly laccoroidal, «ww ckart

INTERBEODED> SandltoM or Siltttana, OoWm.lt,
pink , glauconiHc shola groan, atoroon or black

SANOSTONC ' Fin* to coorst graintd, gray to pink

VOLCANIC FLOWS AND ANOEStTIC BASALT

TH
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«•>*
irtea
BM*

MONTOHHi WELL LOCATION » NUMBER IPREVKXSLY EXISTING!
MOMTOMNG WELL LOCATCN A NUMBER (PHASE II
MOMTOMO WELL LOCATION t NUMBER (PHASE I)
SOU BORMG LOCATION A NUMBED (PHASE II
SOU BOHNB LOCATION I NUMBER (PHASE III
SURFACE WATER AND SEDIMENT SAMPLING
LOCATION I NUMBER (PHASE II
SURFACE SOL SAMPLING LOCATION A NUMBER IPHASE II

I TEST PIT LOCATION A NUMBER IPHASE II
STAFF GAUGE LOCATION A NUMBER (PHASE I)
PIEZOMETER LOCATION 1 NUMBER (PHASE II

II CROSS SECTION LINE

1 BASE MAP- CONSTRUCTED FROM AERM. PHOTO
DEVELOPED BY ABRAMS AERUW. SURVEY
CORPORATION; LANBMQ, MCHOAN DATED
MAY It 1MB,

2. VERTICAL DATUM 8 SITE DATUM. LOOS DATUM
IS SITE DATUM MWUS 9.00 FEET. CONTOUR
INTERVAL IS I (ONE) FOOT

MOMTORWQ WELLS IMWB3I ISHALLOW AND DEEPI.
NWNW1.MWSU AND MWS3«I WERE DPJLLEO AM)
INSTALLED BV PEERUSS-MOWEST INC UNDER THE
SUPEftvaOH OF BERANEK ASSOCIATES IN MAY IM]
MOMTORMG WELLS IMWn TO MW1IU FOR PHASE I
WERE CALLED AND INSTALLED BY EXPLORATION
TECHNOLOGY INC. <ETO UNDER THE SUPERVSON
OF WARZVN IN FEBRUARY AND MARCH MB.
MOMTORMG WELLS IMW2! TO UWIM. MW1. MWM,
MWM AND MWIKI FOR PHASE I WERE DRILLED AND
INSTALLED BY EXPLORATION TEOHHOLOQY INC. IETII
UNDER THE SUPERVQON OF WARZYN IN JULY AND
AUOUST MB
PH WELL IFH) WAS ORU.ED AND INBTALLEO BY A
LOCAL PRNATE WELL DRUJNQ CONTRACTOR CM
FEBRUARY M. IBW FOR THE SPGOFC USE OF
PRODUCnCM WATER FOR THE OAMEL BROTHER
PACHMB HOUSE. IMS WELL IS NO LOME* BEM>
USED AND THE PUMP HAS BEEN REMOVED.
LOCATION OF MOMTORMa WELLS WERE FIELD LOCATED
BY WAKYN 3UVEYORS ON MARCH O. 1MB FOR PHASE I
AMDAUDUBT IB. MB FOR PHASE 1
STAFF GAUGES ARE CONSTRUCTED OF IRON POLES
AND WIRE INSTALLED BY WARZYN ON
MARCH t». MB
IOCAIDB OF STAFF GAUGES WERE Fiat) LOCATED
BY WMZYN ON MARCH 23. IMt.
TEST PITS WERE PERFORMED BY ENVHONMENTAl
CLEAN-UP CONTRACTOR SERVCE.SERVICE, MX if CCS.l
UNDER THE OMECTION OF WARZYN ON
MARCH O, IMt.

SOIL BOPJNQS (SB-1 TO SB-26) FOR PHASE I WERE
DNLLED BT EXPLORATION TECHNOLOGY INC IETII
UNDER THE SUPERVGION OF WARZYN IN FEBRUARY
AND MARCH I9M
SOL BORINGS ISB-A TO SB-V AND SB-27 TO SB-401
FOR PHASE I WERE OPILLEO BY EXPLORATION
TECHNOLOGY INC IETII UNDER THE SUPERVISO4 OF
WARZYN IN JULY AND AUGUST 1MB.
LOCATION OF SOL BORWGS WERE FI&9 LOCAIED
BY WARZVN SURVEYORS ON MARCH 23. MB FOR
PHASE I AND AUOUST 2B. MB FOR PHASE I
SURFACE SOL SAMPLES WERE COLLECTED BY
WARZVN ON MARCH 19. MB
LOCATION OF SURFACE SO*. SAMPLES WERE
FIELD LOCATED BV WARZYN SURVEYORS
ON MARCH O. 1MB
SURFACE WATER AND SEDIMENT SAMPLES WERE
COLLECTED BV WARZYN ON MARCH IT A IB. 1MB
LOCATION OF SURFACE WATER AND SfnMTNT SAMPLES
WERE FIELD LOCATED BY WARZYN SURVEYORS ON
MARCH 21, MB.
SEDIMENT SAMPLES WERE COLLECTED FROM BOTH
BANKS OF THE BLUE RTVER AT LOCATIONS MARKED
IR A LI THE LEFT BANK WOULD BE AS IF YOU ARE
LOOKING UPSTREAM.
SOU WAS COLLECTED IN A SURFACE WATER RUNOFF
PATHWAY NO STANDING WATER WAS PRESENT

t

IRBL1BW1-'

IllJLJi

ih

IP"

III

UMT OF EXCAVATION
OF •AOOAREA-

IB-

FIGURE 14



SCALE: KHZ I'-50'
VEBT. f- V

A - A1

FIGURE 15
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IIII

FILL

TOP ML

LEAN CLAY ia>

SANOV LEAN CLAY ISO

surv CLAY ICL-M.>

SH.T (ML>

SANOV SLT ISUHWLI

Q 9LTY SAND (SM>

• CLAYEY GRAVEL <OC>

Q SANO <SP)

Q GRAVEL <GP1

H
VOUFER

- \
JtH

I I
I-

COWNNG LAYER

LOWER AQUFER

HCMZ. r-w
VERT r-«r

B - B

FIGURE 16
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SCALE: HOHZ r- SO
VERT r- HT D - D - FIGURE 18
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MOMTORNQ "ELL LOCADON 1 NUMBER 'PREVIOUSLY EXISTING!
•WTlffJ MONTORMQ WELL LOCATION 1 NUMBER CPNASE M
•WUMC. MONTORHG WELL LOCATION t NUMBER IPMASE »

H* flESJMETER LOCATION i, NUMBER IPMASE "I
•M^ STAFF GAUGE LOCATION I NUMBER

——————— POTEHTIOMETPJC CONTOUR LINE
——— ——— ESTIMATED FOTENTKMETRC CONTOUR UNE

___ MUER ELEVATION MEASURED AT MOHTCWNQ
V WOJ. AFTER RECOVERS

NOTUt
BASE MAP CONSTRUCTED FROM ICflUL PHOTO
DEVELOPED BY AWWUS AERAL SURVEY
CORFORAIOt LAMMS. UCHOAN DATED

CITY wcu. NO. •

'iiil

2 VERTICAL DATUM S SITE DATUM. USCS DATUM
IS SITE DATUM MMUS MO FEET. CONTOUR
MTERVM. IS 11OHEI FOOT.

3 MOMTORMQ WEUS OKWIM (SHALLOW AND OEEPL
Mm3b,MWBM AMD MWM WERE OHUED AMD
INSTALLED ft FEEftLESS-UOHCST MC. UNDER THE
SUFERVOCN OF BERANEK ASSOCUTES M MAT mj.

4 MMTOfWa WELLS IMWM TO MW1HI FOR ntUE I
WERE DKUQ) AMD INSTALLED BY EXPIORATOH
TECHNDLOBY K. IETII UNDER THE SUFERVISOI
OF NWZYN M FEHUARir AND MADCH 19M

5 MOMTOMH3 WBLS (MWOl TO MW1U. MWI. MWU
MWM AND MWtM FOR PHASE I WERE DULLED AMDINSTALLED BY EXPLORAHON TECHNOLOGY INC (ETII
UNDER THI SUPERViaON OF VWRTYN M JULY AMD
AUOUSTIIW.

6. PH WELL VM MS CBUED AND INSTALLED Bl A
LOOK. PKVATE WEU OHLUN3 CONTRACTOR ON
FEBRUARY 2< 19(0 FOR THE SPCOF1C USE OFPRODUCTION WATER FOB THI DANS. BROTHER
MOONS HOUSE. THS WELL S NO LONGER BCMO
USED AW THE PUMP HAS BEEN REMOVED.

LOCATION OF MUMTOFIM5 WELLS WERE FltLU LUCAIEU
BY WMtZYN SUVEYORS ON MARCH 23 IM6 FOR FMASt I
AND WOUST 20. I9BI FOR PHASE I
STAFF GAUGES ARE CONSTRUCTED OF IFON POLES
AND WERE INSTALLED BY WARZYN ON
MARCH If. IMS
LOCATIONS OF STAFF GAUGES WERE FIELD LOCATED
BY WARZYN ON MARCH 23. I9M

north
FIGURE 20



CITY WCU. NO. •

wtntmm MOMTOPJNO WELL LOCAIWN > NLWEB "I>EVIOUSI» EXISTINGI
MWT>9 MOMTORMG "ELI LOCATION t NUMBER iPHASE II

MOMTOFING WELL LOCATION t NUMBER CFWSE II
N« HE20METER LOCATION t NUMBER IPHASE II
O*A STAFF OAUSE LOCATION 1 NUMBER

POTENTHUETRH: CONTOUR LME
•——ESTIMATED POIENTIOMETHC CONTOUR UNE
n« WATER EtEVATION MEASURED AT MOMTORMO

WELL AFTER RECOVERY

*

BASE MAP CONSTRUCTED FROM «ERMl PHOTO
GEVEUOPEO BY ABRAUS AERIAL SURVEY
CORPORATHK LANRMU. MCHQAN OWED
MAY II. IMH
VERTICAL DATUM IS SITE DATUM. USOS DATUM
IS SITE OATUM MNUS 5 00 FEET. CONTOUR
INTERVAL IS IIOHE) FOOT.
MOMTOMNQ WELLS <MW*31 (SHALLOW AND OEEPL
MWW6.MWM AMOMVWJH WERE ORLLED AND
INSTALLED BY PEEHLESS-MCWEST NX UNDER THE
SUPERMSON OF BERANEK ASSOCIATES M MAY Ml
MOMTORM1 WB1S CUWW TO MWIM) FOR PHASE I
WERE ONUEO AND MSTALLEO 8Y EXPLORATION
TECHHOLOQY INC. IETII UNDER THE SUPERVISION
OF VWAZYN W FEBRUARY AND MAFCH «•«.
MONTomc «aj-s IMWO» TO MWUI. um. MWIA
MW»d. AND MWndl FOR PHASE • VIERE CRUED HMD
>BTAU£0 BY EXFlORAnON TECHNGUX3V INt IETII
UNDER THE 3UPERHSON OF WWZYN W JULY AND
AUGUST MM.
PH «CLL IfM Mta ORUED AND INSTALLED BV A
LOCAL PHVATE «EU. ORUMB CONTRACTOR ON
FEBRUARY 24. WO FOR THE SPfOFC USE OF
"ROOUCnON IMHER FOR THE CWMEL BROTHER
WCKHO HOUSE- IMS WELL IS NO LONOER BEHG
USED AND THE PUMP HAS BEEN REMOVED

LOCATION OF MCMIOHNU WELLS WEfli FIELD LUCAtEU
ai WW£VN SUVETOHS ON MARCH 21. 1W» HDH PHASE I
AND AUGUST H. I9M FOR PHASE I
STAFF GKJGES ARE CONSTRUCTED OF IKM RXES
AND WERE WSIALL60 BY WWZVN ON
MARCH If. I9M
LOCATIONS OF STAFF GAUGES WERE FIELD LOCATED
BV WM2VN CM MARCH 23. I9M

FIGURE 21
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MWMg) MONTORNG WELL LOCATION » NUMBER 'PREVIOUSLY EMSTW3I
""•» MOMTORMG "ELL LOCATION 1 NUMBER (PHASE II
mm* MOMToma "ELL LOCATION l NUMBER IPHASE m

n« HE20METER LOCATION d NUMBER IPHASE II
M*+ STAFF GAUGE LOCATION t NUMBER

———— POTBfliOMETRC CONTOUR LME
—— ——— ESTMWEO FOTENTIOUETRC CONTOUR LINE
•u,-} WATER ELEVATION MEASURED AT MONTORM3

WBLL AFTER « HOUR FUMPM1 TEST

I BASE MAP CONSTRUCTED PROM AERW. PHOTO
DEVaOPED BV ABRAMS AERW. SURVEY
CORPORATION; LANMO, MJCHOAN DATED
MAY n. MB*.

2. VERTICAL DATUM IS SITE DATUM. USOS MTUM
IS SITE DATUM MMUS 500 FEET. CONTOUR
INTERVAL B I (ONE! FOOT

3. MONTCRMQ WOLS MWHl (SHALLOW AND GE&l
MWBShMWBM AMD MWSM MERE DRILLED AMD
INSTALLED BV PHIRUII M»IMHII tC UNDER THE
8UPBWIHH 0» BEHANEK ASSOOATES M MAY Ml

< MONTOFM) WBiS IMWM TO MW1W FOB PHASE I
WERE CULLED AND INSTALLED BY EXPLORATION
TECHNOLOGY MC. IETII UNDER THE SUPERVISION
OF WNUYH IN FEBRUARY AND MARCH IBM.

& MOMTOMQ WH1S tMWOl TO MWW«, UWI. MWM,
MWB4 AND MWOOI FOR PHASE I WERE CRUGD AMD
INSTALLED BT EXPIORATKM TBCHMDLOOV MC. IETII
UNDER THE SUPERVaON OF WARZVN M JULY AND

LOCATCN OF MONITORING WELLS WERE FIELD LOCATED
BV WAH2VN SUVEVORS ON MARCH 23. I9M FOR PHASE I
AMD AUBUST 24 OM FOR PHASE I
STAFF GAUGES ARE CONSTRUCTED OF IRON POLES
AND ff INSTALLED BV WUUVN ON
MARCH It. IMt
LOCAIBNS OF STAFF GAUGES WERE Flat) LOCAIEO
BV WMUYN ON MARCH 23. I9M

. NO. •

3u

•o

PH WSJ- *H) WAS DWLLED AMD MBTALLGD BY A
LOCAL PKVATE WELL CHUJMQ CONTRACTOR ON
FEBRUARY 24, MO FOR THE 3PBDHC USE OF
FRODUCTON WATER FOR THE DAMS. BROTHER
PACWNO HOUSE THB WOL O NO LONOER BBMQ
USED WD THE PUMP HAS BEEN REMOVED.

• TL_ - ig.
^

FIGURE 22
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an WILL NO. •

UOMraMNU «BJ. LOWMN t NUMBCT IfWWUXJSlY EXBTOCI
M»T>9 MOMT3HM3 NB.L UKAHCN t NUMBEK mwSE »
«nn« HOMTCRMO «eu. UXMIOM » wweeR IW«SE m

M» (C20METEH UXATKM 4 NUMEK VWSE I'
•O*̂  ST«F QMJOE LOCATION t NUMBER
u>« OMMXNIN M FEET «UOMTOR»a WELL

BASE «*W> CCMB7RUCTED FROM tBVL PHOTO
OEVELORO IT MWM «E*W. SURVEY

uw HUM.
VEftnCM. OHUM • 9TE DOIM USOS 0*11*1
a SITE aauu MMM uo «ET. OONTOUB
MIEKVM. a 1 1ONDFOOT
MOMTOKNO HULLS lUHHMl I8HWLOW «ND OEEfl

h MMM MO HMM HOC DNUCD AMD

N Of tEMHB AMOCMI8 M HHT Ml
UONKMa WB1J Mm TO MWm FOR FHME I
WERE muio HMD ffituat m EmawnoN
TEOMxaar MX ani IMBI nc nfcmMON
OF WWZyN M FEMJMV WO MMCH BM.
UOMTQHNa waia Murm TO MWH« xwi. MWM
UWM «o IMIIM Fa PWME i «ec nuio HO
MflMIEO BY EmOMION TECHJOUXIV «C (ETII
UNDO) TIC WBWtKM OF WMZW HJULV MO

LOCATON OF MOMTORmG WELLS WERE FICLO LOOMED
8t WMZYH SUVEYORS ON MARCH 11 MM FOR PHASE I
AMD AUOUSr n IBM FOR PHASE 1
STUFF OMJOES ARE COHSTRUCTEO OF IRON POLES
AND MRE KBIALLED BY WWUYN ON
MARCH It. DM
LOCATKM OF STAFF OAUOtS WERE FIELD LOCATED
BY VM2YN OH MARCH O. IMi.
FUMF- TEST PERFORMED 9Y TERFMN CORP
UNDER THE SUFERVMON OF WIRZYN ON

PH WEli. VH) WW DRLLED AND INSTALLEO «Y A
LOCAL FflJWO! W«LL QRUINO CONTRACTOR OH
FEBRUARY M.IWO FOR THUFECHC USE OF
PRODUCTION «HER POR THE DAMEL BROTHER
PAOONB HOME, TW WELL • NO LONQEB BEKO
USED AM) THI FUUP HAS BEEN REMOVED.

"

FIGURE 24
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WRR Site, Regional Gradient in Lower Aquifer
1 2 3 + 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 north

FIGURE 29
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1 2 3

Modeled pumping test, no leakage
8 9 10 11 1 2 1 3 14 15 16 17 18 19 20 21 22 23
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1 WW.VT1CN. RESULTS TOR CHJORMMEO ETKNEJ
UODOniM FER KHOOIIMI l«Mgl.

2 'NS' Mimres NO SMTIE «MS COUEOED «r
avENOErTH

J -NO- MOCATES WMlrZEO BUT NOT DETECTED.

^2>
north
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FIGURE 32
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£if*~l CONCENTRATION OF TCUBC

1 ANM.YT.CN. RC9UUS REPCfVTED IN MCfkXSA*. i PER
MUXBWM lueo*.

2. -w Maoves NO SM<U ws COLLECTED *:
THSC0TH

1 9OUIKA8T MCA ONLr

• tar mocATEs AWUTSD «ui NOT OETECTEO « THS OEPTH north
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1 •NB' INOOtra NO *M*U «M COOKTED AT THS OEPTH
FOB WM.TM Of CMMUH
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Hj'V CONCENTRATION OF Z»C DETECTED M
>U r- BOTTOM OEPTH BELOW SJPHOt a WHEH KM.

. «3 StUKt «K8 COLLECTED

i WMYTICM. RESULTS FOR »c RETORTED IN MXUORUIS
PEK nuMIHM tmgAgl.

2. 'NT MKWES NO SWtE WU COUfCTED FOX 2MC WMLTOS
•T TNSOEFTH
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MOMTORMG WELL LOCATION & NUMBER .PREVIOUSLY EXJSTKC)
MOMTOPJNO WELL LOCATION A NUMBER (PHASE I)
UOMTORMG WELL LOCATION 4 NUMBER (PHASE 11
PEZOUETER LOCATICN & NUMBER (PHASE II
STAFF GAUGE LOCATION « NUMBED

- CONCENTRATION OF TOTAL CHLOPINATED ETHENES
IN MCKXJRAMS PER LITER (ug/l)

- INDICATES SAMPLING ROUND:
T PHASE I SAMPLING IFEB. - MAR I9M)
II- PHASE I SAMPUNQ (AUB- - SEPT, 19M)

I BASE MAP CONSTRUCTED FROM AERIAL PHOTO
DEVELOPED BY ABRAUS AEPJAL SURVEY
CORPORATION; LAHSNG. MCHOAN DATED
MAY It 19M-

2. VERTICAL DATUM IS SITE DATUM. USOS DATUM
IS SITE DATUM MHUS 9.00 FEET. CONTOUR
INTERVAL IS t IONE) FOOT.

3. MOMTOPING WELLS 1MW83. [SHALLOW AND DEEPI.
MWMhMwna. AND umtu WERE OPJLLED AND
INSTALLED BY PEERLESS-MOWEST INC. UNDER THE
SUFERVISDH OF BERANEK ASSOCIATES IN MAY 1061

4 MONTORM3 WELLS (MWH TO MW1W FOR PHASE I
WERE ORUED AND MSTALLEO BY EXPLORATION
TECHNOLOGY INC. (ETO UNDER THE SUPERVISBN
OF WARZYN IN FEBRUARY AND MARCH 19*6.

i. MOWTOHNO WELLS IMW12S TO MW14I. MW1, UWIU,
MWBO, AND MWttt FOR PHASE I WERE DRUEOAHO
INSTALLED BY EXPLORATION TECHNOLOGY INC. (ETI)
UNDER THE SUPERVOION OF WARZYN N JULY AMD
AUGUST MB.

6. PH WELL VH) WAS ORUEO AND INSTALLED BY A
LOCAL PRTVATE WELL DRUWa CONTRACTOR ON
FEBRUARY 24. I960 FOR THE SPEORC USE OF
PROOUCTION WATER FOR THE DAMEL BROTHER
PACKWQ HOUSE, TH8 WELL IS NO LONGER BBNG
USED AND THI PUMP HAS BEEN REMOVED.

LOCATION OF MOMTOF1M3 WELLS WERE FIBLD LOOrtG
BY WAUYN SUVEYORS ON MARCH 23. 1968 FOR PHASE I
AND AUGUST 26. I9M FOR PHASE I
STAFF GAUGES ARE CONSTRUCTED OF IRON POLES
AND WERE INSTALLED BY WAR2YN ON
MARCH a. 1968

LOCATIONS OF STAFF GAUGES WERE FIELD LOCATED
BY WARZYN ON MARCH 23. I9M

ANALYTICAL RESULTS FOR TOTAL CHjORMATED ETHENES IN
QROUHDWATER SAMPLES REPORTED IN MCROGRAMS
PER LITER (ugfl).
Nf WOCATES NO SAMPLE WAS COLLECTED FOR VOLATILE
OHOAMCS ANALYSIS.
•NO' irOCATES ANALYZED BUT NOT DETECTED.

CITY WILL
NO.I,

•WMb
I ND
I NO

I ND
[ND

"V

-\\

north
FIGURE 36



CITV
NO.*-,

MM HOI MOMTOPJNO WELL LOCATION » NUMBER IPREVDU3LY EXISTMB)
MW7.JJ MONTORMQ WELL LOCATION « NUMBER IPHASE I)
MWIIIB MQNTORMS WELL LOCATION « NUMBER IPHASE III

M* REZWETEH LOCATION 1 NUMBER IPHASE HI
BO4+ STAFF QAUOE LOCATION 4 NUMBER

I a.o -x— CONCENTRATION OF zwc OETCCIEO IN QROUNDWTERI uj * SAMPLE ncronmi« MUJOBAMS PER UTER m»i>
I—————— INDICATES HOUND OF SMfUNB

T PHASE I SWUNG FEB. - MAR. wet)
T PHASE • SAMPLING (MA - SEPT. Mil

t. BASE MW CONSTRUCTED FROM »EHW. PHOTO
DEVELOPED BY WflMU AEKUL 9URVEV
coRPORxnoH lAMma. MCWUN DATED
MW itim.

2. VCRTCM. DATUM 18 9TE DATUM. USQS DATUM
is are DATUM MMUS 9J» FEET. CONTOUR
INTERVM. a 1 (ONE) ROOT.

3. MONTCNMl «CUS IMWSM [SHA1LCM AND CEEPL
MHmt,MWSM *MO MMM "ERE DRILLED AM)
MBTA11EO BY KEtUSt-MOMST NX UNDER TW
SUPOMSOI Of BERANEK ASSOCIATES H U«r wn.

« MOMTORM1 WEUS IMWM TO MWtW FOR fHASE I
«*RE DNUfO AM) MTAUED BY EXPLORATION
TBOWOUJ8* MX BT» UNOER THE SUPEHWKW
OP wwavN IN KBRumr AW MARCH me.

5. MCMTOPJN3 IWUJ (MWOl TO MWIM. MWI, MWI4
MWM AW MWtM POP! PHASE II MKRE ORU.EO WO
WSTAUCO BY EvumnoN TECHNomav wo. <ETI>
UNDER THE tUnmmM Of WWZYN IN JULY AND

7 LOCATION OF UOHTCflNS WELLS WERE FIELD LOCATeb
BY WMZYN SUVEYORS ON MARCH 21 19m FOR PHASE I
AND WDUST 26, KM FOR PHASE I

a STAFF GAUGES ARE CONSTRUCTED OF IRON POLES
AND WERE INSTALLED BY WARZYN ON
MARCHHmiL

9 LOCATIONS OF STAFF GAUGES WERE FiaO LOCATED
BY WNIZVN ON MARCH 23. 19B6.

IQ AWLYTm RESULTS FOR 2MC CONCENTRATION DETECTED
M OROUNOWATER SAMPLES REPORTED IN MUKKAMS
PER UTER tmgm.

11 ""LXSSf0 N0 """LE WAS COLLECTED DURMQ
SPEOFB) BOUND.

12 tar INDICATES ANALYZED BUT NOT DETECTED

-±1 ' *•«f INS •r VMIMMMII

•. PH«CU»H)«WORUEOA«OINBTAlLEOBr A
UDCN. PRWATE VKU. OHUJNO OONTRACTOR OH
PESRUAHY t«, KtD POR THI SPEOnC USE OF
PRODUCnON VMTER FOR THE DAMa BROTHER
MCNN3 HCUSL THB WELL IS NO U90ER BEW3
UBCO AW THE PUMP HAS BEEN REMOVED.
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. „.-——CONCENTRATION OF TOTAt CHUJHNATED ETH
W 10 • DETECTED IN SAMPLE
T_±———— INDCATES SAMPLE TYPE:

SAM MAT CONSTRUCTED FROM AEMAL FHOTO
DEVELOPED BV ASMMS AERHL SURVEY
CORPORATION: LAMMO, UCHOAN DATED

i VERTICAL DATUM IS SITE DATUM. UBOS DATUM
» SITE DATUM MNUS S.OO FEET. CONTOUR
•mum. it t IOMD FOOT.

1 SURFACE WATER AND SEGMENT SAMPLES WERE
COLLECTED BV WARZYN ON MARCH IT » ». Ml.

4, LOCATION OF SURFACE WATER AHO SEDIMENT SAMPLES
WBC FIELD LOCATED BY VWRZTN SURVEYORS ON
MARCH 23. MM.

V ITOMrMT TIMPl.fl WERE COLLECTED FROM BOTH
BANK* OF THE BLUE RWER AT LOCATIOHB MARKED
CR 4 U THE LEFT BANK WOULD BE A» IF YOU ARE
LOONNB UFBTREAM.

«. 1014 MAS COUECTEO W A SURFACE WATER RUNOFF
FATMUWr. NO STANDM3 \MVTER WAS PRESENT.

7. I* INDICATE* HO SAMPLE «MJ COLLECTED FOR
SAMPIM LOCATOK

i. AU. SURFACE WVER AHO SEOUENT SAMPLES CCUECTED
DUKMO PHASE I ONLY.

». XT MKATES ANALYZED BUT NOT UtlbUbU

SND
WND

FIGURE 38
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Table 1. Summary of Key Dates and Events at the Wayne Reclamation and
Recycling, Inc. Site

Approximate Date
of Event __________Event or Action_____________

1826 - 1840 Uhltley County surveyed

1830's Seeks Indian Reservation acquired site land by treaty

1860's Site deeded to Issac Whiteman for agricultural use

Late 1800's Increased industry in Columbia City area

Early 1900's Widdifield family acquired site land

1931 Daniels Brothers Meat Packing purchased portion of
site land and operated a slaughterhouse

1937 Columbia City Well 16 installed

1953 City purchased 28 acres from Widdifields and began
landfill operation

1959 City sold 2.7 acres to Holmes & Co. (lumber)

1965 Incinerator dedicated

Early 1960's Wayne Waste Oil operating in Fort Wayne, Indiana;
later incorporated as Wayne Reclamation & Recycling,
Inc.

1970 City landfill closed

1972 Columbia City Well #7 installed for peak usage

1973 Daniels Brothers Meat Packing sold to Frederick
Sal lot who manufactured hardwood cradles and
commercial handles

1975 City built water treatment facility and installed
well #8

1975 Wayne Reclamation & Recycling, Inc. (WRR)
Incorporated; purchased 12 acres from Sallot, 13.6
acres from city; Indiana Pollution Control Board
approved WRR liquid waste treatment facility

1976 WRR licensed to haul liquid Industrial wastes

(Table continued next page)



Table 1 (continued). Summary of Key Dates and Events at the Wayne
Reclamation and Recycling, Inc. Site

Approximate Date
of Event

1979-1980

1980

1982

Event or Action

1982

1984

1986

1986-87

1987

1988

1988

1988

Waste Hauler Reports prepared by WRR state that
250,000 gallons of sludge hauled to Williams County
Landfill, Bryan, OH. Landfill never received any
waste.

Indiana State Board of Health (ISBH) begins illegal
dumping investigation and inspection of the WRR site

WRR pleaded guilty to charge of filing false hauler
reports and illegal "depositing of contaminants at
the site"; fined $1,000 for each and forced to pay
for risk assessment and cleanup of the site

WRR sold 6 acres of land to Holmes & Co.

Beranek Associates, Inc. issue risk assessment for
site

Removal Consent Order

Removal Cleanup

RI/FS Consent Order

CERCLA Section 106 unilateral Order

Cleanup pursuant to Section 106 Order

Phase I and Phase II RI



Table 2. Correspondence between Boring Logs and Monitoring Wells.

Soil
Boring #

SB-001
SB-002
SB-002S
SB-002E
SB-002W
SB-003
SB-004
SB-005
SB-006
SB-007
SB-007N
SB-007E
SB-007W
SB-008
SB-009
SB-010
SB-011
SB-012
SB-013
SB-014

SB-015
SB-016
SB-017
SB-017A
SB-018

SB-018A
SB-019
SB-020
SB-021
SB-022
SB-023
SB-024
SB-025
SB-026
SB-027
SB-028
SB-029
SB-030
SB-031
SB-032
SB-033

Monitoring
Well *

MW-7S

MW-9S

MW-8S
MW-8D

MW-2S

MW-1S
MW-1I
MW-10

MW-4S
MW-6S
MW-10S
MW-3S

MW-5S

Surface
Elevation*

837.7
838.2
838.2
838.3
838.4
836.7
821.9
823.8
826.2
827.1
828.1
827.0
827.7
829.5
825.5
825.8
826.7
825.6
832.7
837.0
836.3
824.5
827.0
838.6
838.4
839.9
839.5
839.3
839.4
840.5
838.8
825.5
825.8
826.2
827.3
834.6
835.9
827.4
826.4
825.9
824.7
828.9
824.4
824.6

End of Boring
Depth Elevation*
(feet)

10 827.7
31 807.2
10 828.2
10 828.3
10 828.4
10 826.7
8 813.9
10 813.8
10 816.2
20 807.1
10 818.1
10 817.0
10 817.7
10 819.5
10 815.5
10 815.8
10 816.7
10 815.6
8 824.7
30 807.0
150 686.3
10 814.5
23 804.0
10 828.6

11.5 826.9
35 804.9
85 754.5

148.5 690.8
10 829.4
37 803.5
40 798.8
16 809.5
20 805.8
10 816.2
10 817.3
25 809.6
10 825.9
10 817.4
10 816.4
10 815.9
10 814.7
10 818.9
10 814.4
10 814.6

Bottom of
Upper Aquifer
(feet) (elev)*

44 792.3

52 787.3

(Table continued on next page)



Table 2 (continued). Correspondence between Boring Logs and Monitoring Wells,

Soil
Boring 1

SB-034
SB-035
SB-036
SB-037
SB-038
SB-039
SB-040
SB-A
SB-B
SB-C
SB-D
SB-E
SB-F
SB-G
SB-H
SB- 1
SB-J
SB-K
SB-L
SB-H
SB-N
SB-0
SB-P
SB-Q
SB-R
SB-S
SB-T
SB-U
SB-V

Monitoring
Well f

(MW-12S)
(MW-14S)

MW-11S
MW-12S
MW-13D
MW-13S
MW-14S
PI
P2
P3
P4

Surface
Elevation*

826.1
825.5
826.1
827.3
826.9
824.6
823.6
824.9
824.4
824.1
826.2
825.2
825.5
825.6
826.9
828.6
825.4
825.5
825.1
826.3
826.5
826.4
826.8
826.5
827.4
827.7
824.5
827.7
825.1
827.4
825.6
828.3
828.3
823.6
836.1
826.9
825.3
824.6

End of Boring
Depth Elevation*
(feet)

10 816.1
10 815.5
10 816.1
10 817.3
10 816.9
60 764.6
35 788.6
9 815.9
9 815.4
9 815.1
13 813.2
10 815.2
10 815.5
10 815.6
10 816.9
10 818.6
10 815.4
10 815.5
10 815.1
10 816.3
10 816.5
10 816.4
10 816.8
10 816.5
10 817.4
10 817.7
10 814.5
10 817.7
10 815.1
34 793.4

19.5 806.1
145 683.3
25 803.3

18.9 804.7
27 809.1
18 808.9
20 805.3
15 809.6

Bottom of
Upper Aquifer
(feet) (elev)*

27 797.6

37.5 790.8

Elevations referenced to site datum.
5.00 ft

To convert to USGS (amsl) subtract



Table 3. Summary of Laboratory Soil Analysis
Hydrogeo logical

Unit

Vadose Zone

Vedose Zone

.................
Upper Aquifer

Upper Aquifer

Upper Aquifer

Confining Layer

Confining Layer

Confining Layer

Confining Layer

Lower Aquifer

Lower Aquifer

Loner Aquifer

Depth Elevation
(ft)

3 822.8

19 821.5

39 800.5

24 810.6

H 811.5

..................
59 780.5

59 777.3

49 779.3

89 739.3

134 705.3

139 689.3

149 687.3

Boring/Well
Number

SB-022/NU-3S

SB-019/NW-4S

..............
NU-10

SB-025/MW-5S

SB-021/MW-10

MW-10

NU-8D

MU-130

HU-13J)

NU-1D

MU-130

NU-8D

Sample
Number

2

7

2

8

6

........
6

5

5

11
........

10

21

IB

Material
Description (USCS)

Gray Clayey Fine- Coarse SAND,
Some Silt (SC)

Brown Silty CLAY, Some Sand.
Trace Gravel (CL-ML)
....................... ...................
Brown Fine-MediiM SAND, Little
Silt and Clay (SP-SM)

Broun Fine-Coarse SAND, Some Gravel,
Little Silt, Trace Clay (SP-SM)

Brown Fine-Coarse SAND, Some Gravel,
Trace Silt and Clay (SP-SM)

Brown Sandy SILT, Some Clay,
Little Gravel (ML)

Brown Sandy SILT, Some Clay,
Trace Gravel (ML)

Brown Silty CLAY, Some Sand
Trace Gravel (CL-ML)

Brown SILT, Some Clay,
Trace Sand (ML)
..........................................
Brown Fine-Coarse SAND. Some
Gravel. Silt and Clay (SM)

Brown Fine-Coarse SAND. Some
Gravel, Silt and Clay (S£)

Brown Fine SAND. Some Silt
and Clay (SM)

Atterburg
Limits

LL PI

39 21

19 5

-

15 3

13 2

18 5

Wet Sieve

X Gr X Sand

0 52.9

1.3 27.1

0 88.9

13.4 77.7

15.6 78.4

6.9 35.6

2.8 45.3

3.4 32.6

0 3.2

14.4 70

23.8 51.2

0 84.8

Hydrometer

X Silt X Clay

27.4 19.7

50.9 20.7

11.0

6.1 2.9

3.7 2.3

38.6 18.9

34.1 17.7

43.2 20.8

75.6 21.2

15.7

25.0

15.2

Motet:
LL - Liquid Limit (The water content of the aample when it ha» a shear strength of 1 g/cm2)
PL - Plastic Limit (The range in water content between the liquid Unit and the plastic Unit)
Wet Sieve (Test performed to Measure percent of silt and clay in the sample)
Hydrometer (Test performed to measure percent of gravel and sand in the sample)
* Elevations referenced to site datum. To convert to USGS (amsl) subtract 5.00 ft



Table 4. Summary of Water Level Data.

Level
Location
.......----4

HW-1D
HW-11
HU-1S
MU-2S
MU-3S
NU-4S
NU-5S
NU-6S
NU-7S
MU-80
NU-8S
PH
NU-9S
MU-10S
NU-11S
HU-12S
MW-130
MW-13S
HU-14S
P-1
P-2
P-3
P-4
830 (0)
83E (S)
83A (D)
83A (S)
838
SG-1
Sfi-2
SG-3 (bend)
SG-4
SG-5
SG-6 (fwp)
SG-7
SG-8
SG-9 (MU9)
SC-10(MW12)

Top of •
Inner Casing
(.....-.--....<

841.73
841.52
840.97
829.75
828.75
842.23
837.35
845.46
840.58
838.51
839.91
831.03
829.92
827.43
829.49
827.18
830.49
831.18
825.76
838.64
829.91
827.98
827.13
829.61
829.70
828.88
828.85
838.48
837.17

818.29

834.54
819.34
820.21
840.94
819.48
818.18

03-Nay
1988

),_... ...... H

817.12
816.30
817.60
817.33
818.60
816.67
817.53

817.96

817.97
817.28
816.19

816.92

815.49
818.14
820.21
837.96

03-Aug
1988

814.75
815.99
817.77
818.37
815.29
820.44
815.44
815.25

819.96
815.32
819.95
814.74
814.83
815.06

816.27
815.52
815.41
815.60
815.00
814.18
815.12
817.12
810.55
815.46
804.09

08-Aug
1988

814.63
815.24
814.95
815.48
815.43
816.24
815.15
815.41

815.65
812.58
815.69
815.28
814.70
814.96
814.76
814.70
814.85
815.39
815.26
815.49
815.55
814.86
814.53
810.90
815.01
804.47

814.64

815.52

837.71

09-Aug
1988

814.48
815.10
814.90
815.46
815.33
816.23
815.11
815.38

815.64
814.64
815.69
815.24
814.62
814.94
813.36
814.66
814.82
815.32
815.51
815.49
815.54
814.74
814.54
810.96
814.97
804.46
816.62

814.70

815.43
815.50

837.68

10-Aug
1988

(,.......-H

814.46
815.10
814.88
815.45
815.28

815.44

815.62

815.22
814.76
814.90
814.50
814.72
814.83
815.39
815.43
815.43
815.55
814.63
814.56
811.02
814.95

814.66

815.48

837.64

11-Aug
1988

>.---.....<
822.46
814.68
815.16
814.91
815.45
815.30
816.21
815.02
815.30

815.61

815.66
815.23
814.70
814.94
813.19
814.66
814.83
815.39
815.43
815.48
815.52
814.70
814.51
811.07
814.98
804.66
816.43

814.66

815.46
815.47

837.61

1
13-Aug |
1988 j

813.80
814.41
815.05
814.85
815.41
815.24
816.19
815.02
815.30

814.59
814.79
815.65
815.18
814.57
814.87
813.79
814.63
814.81
815.45
816.38
815.40
815.49
814.65
814.53
811.17
814.90
804.78
816.67

814.64

815.36
815.43

837.52

Pumping
24-Aug
1988

........+
811.73
814.04
814.97
814.85
815.37
815.19
816.04
815.02
815.18
812.05
815.49
812.12
815.53
815.20
814.41
814.94
812.44
814.63
814.81
815.29
815.36
815.36
815.43

814.41
811.68
814.90

814.35

815.42

814.16
814.46

Test
25-Aug
1988

........<
816.39
815.51
815.29
814.99
815.41
815.32
816.08
815.15
815.50
816.60
815.53
816.65
815.56
815.35
815.09
814.96
815.59
814.85
814.86
815.36
815.38
815.42
815.48
814.84
815.21
811.68
815.04

814.36

815.42

814.16
814.47

AVERAGE S.D.

816.10 4.03
814.62 0.39
815.45 0.66
815.38 0.95
816.00 1.08
815.52 0.64
817.00 1.53
815.32 0.53
815.59 0.69
814.33 2.27
816.23 1.57
814.35 1.56
816.46 1.53
815.41 0.68
814.87 0.50
814.95 0.05
813.95 0.99
814.89 0.53
814.92 0.23
815.38 0.05
815.54 0.33
815.38 0.15
815.34 0.44
814.79 0.16
814.93 0.86
811.13 0.36
815.03 0.17
804.49 0.23
816.66 0.20

814.57 0.14

815.46 0.03
815.80 0.89
820.21 0.00
837.69 0.14
814.16
814.47 0.01

note •* Table 3



Table 5. Horizontal Gradient Calculations from West to East in the Upper Aquifer.

Location
...............

Across Site

East of Pond

West of Pond

WELLS Separation
Distance

From To (feet)

MW-5S MW-6S 1325

MW-10S MW-11S 215

MW-5S MW-8S 555(0

May 3, 1988
Difference Horizontal
In Water Gradient

Level (ft) (ft/ft)

1.93 0.0015

1.09 0.0051

0.64 0.0012

August 25, 1988
Difference Horizontal
In Water Gradient

Level (ft) (ft/ft)

0.93 0.0007

0.26 0.0012

0.55 0.0001

NOTE:
Water levels recorded in feet
(1) Distance corrected so change in distance is measured perpendicularly to equipotential lines.



Table 6. Slug Test Results for the Upper Aquifer.

Calculated Aquifer Estimated
Test 1
Location

MW-1S

MW-2S

MW-3S

MW-4S

MW-5S

MW-6S

MW-7S

MW-8S

MW-9S

MW-10S

Geometric Mean:
Minimum Value:
Maximum Value:

NOTES:

Fransmissivlty
m*ft/dav)

3,813

4,816

318

7,300

2,961

737

6,628

3,153

20,863

3,217

3,249
318

20,863

Thickness
(feet)

27

25

6

27

25

25

27

9

20

20

Permeabll
(cm/sec)

5.0x10-2

6.8x10-2

1.9x10-2

9.5x10-2

4.2x10-2

1.0x10-2

8.7x10-2

1.2x10-!

3.7x10-!

5.7x10-2

6.0x10-2
1.0x10-2
3.7X10-1

1ty
(ft/dav)

141

193

53

270

118

29

245

350

1,043

161

170
29

1,043

Aquifer test conducted by slug method.
Slug test analyzed by Bouwer & Rice Method (Bouwer & Rice, 1976}
Raw data and calculations included in Appendix G.



Table 7. Water Level Changes During Pumping Test.

Water Elevations

WELL £

MW-1D
MW-1I
MW-1S
MW-2S
MW-3S
MW-4S
MW-5S
MW-6S
MW-7S
MW-8D
MW-8S
PH
MW-9S
MW-10S
MW-11S
MW-12S
MW-13D
MW-13S
MW-14S
P-l
P-2
P-3
P-4
83D(dp)
83E(sh)
83A(sh)
83A(dp)
SG-3 (bend)
SG-6(fwp)
SG-9 (MW9)
SG-10(MW12)

TOC*
levatlon

841.73
841.52
840.97
829.75
828.75
842.23
837.35
845.42
840.58
838.51
839.91
831.03
829.92
827.43
829.49
827.18
830.49
831.18
825.76
838.64
829.91
827.98
827.13
829.61
829.70
828.85
828.88
819.29
819.34
819.48
818.19

Aquifer
Tvpe

confined
confined
confined
unconfined
confined
unconfined
variable
unconfined
variable
confined
unconfined
confined
unconfined
unconfined
confined
unconfined
confined
unconfined
unconflned
confined
unconfined
confined
unconfined
confined

river
pond
river
river

After 8 hrs
Pumoina

811.73
814.04
814.97
814.85
815.37
815.19
816.04
815.02
815.18
812.05
815.49
812.12
815.53
815.20
814.41
814.94
812.44
814.63
814.81
815.29
815.36
815.36
815.43

814.41
814.90
811.68
814.35
815.42
814.16
814.46

After
Recovery

816.39
815.51
815.29
814.99
815.41
815.32
816.08
815.15
815.50
816.60
815.53
816.65
815.56
815.35
815.09
814.96
815.59
814.85
814.86
815.36
815.38
815.42
815.48
814.84
815.21
815.04
811.68
814.36
815.42
814.16
814.47

Change
During
Test

4.66
1.47
0.32
0.14
0.04
0.13
0.04
0.13
0.32
4.55
0.04
4.53
0.03
0.15
0.68
0.02
3.15
0.22
0.05
0.07
0.02
0.06
0.05

0.80
0.14
.0

0.01
.0
.0

0.01

NOTE;
River Gradient from MW-12

* Same note as Table 3
0.00019 ft/ft



Table 8. Lower Aquifer Hydraulic Properties.

Observation
Well

MU-1D

MW-8D

MW-13D

PH Well

Geometric Mean:
Geometric Mean:

Calculated Aquifer Estimated
Transmissivity Thickness Permeability
(ft2/dav) (feet) (cm/sec) fft/dav)

12,000
17,000

12,000
13,000

18,000
25,000

14,000
17,000

14,000
18,000

100 4.2xlO-2
6.0x10-2

100 4.2x10-2
4.6x10-2

100 6.3x10-2
8.8x10-2

100 4.9x10-2
5.6x10-2

4.8x10-2
6.1x10-2

120
170

120
130

180
250

140
160

140
180

Vertical
Storativity Permeability
(unitless) (ft/dav)

4.6x10-* 0.08
3.9x10-2

5.1x10-* 0.03
1.8x10-2

3.7x10-* 0.06
3.2x10-2

1.9x10-* 0.04
1.8x10-2

3.6x10-* 0.05
2.7x10-2

Test &
Analysis
Method

1
2

1
2

1
2

1
2

1
2

NOTES:
1. Pumping test data analyzed Log-log Curve Match Method (Lohman, 1972).
2. Pumping test data analyzed by Jacob Straight-Line Method (Cooper and Jacob, 1946).
Calculations rounded to 1 or 2 significant figures.
Raw data and calculations included in Appendix H.



Table 9. Vertical Permeability of Confining Layer Estimated by Modeling.

Well Number

MODEL INPUT VARIABLES

Distance from Pumped Well

Transmissivity

Storativity

Assumed Thickness of
Confining Layer

Drawdown Observed

MODEL OUTPUT VALUES

Drawdown (w/out leakage)
Predicted by Model

Vertical Permeability (Kv)
in Confining Layer
to Produce Observed
Drawdown

MW-1D

690 ft

12,000 ft2/day
90,000 gpd/ft

0.00046 unitless

20 ft

4.66 ft

6.86 ft

0.274 gpd/ft2

3.66x10-2 ft/day
1.29x10-5 cm/sec

MW-8D

1,170 ft

12,000 ft2/day
90,000 gpd/ft

0.00051 unitless

20 ft

4.55 ft

5.04 ft

0.055 gpd/«2

7.35xlO-3 ft/day
2.59x10-6 cm/sec

MW-13D

1,275 ft

18,000 ft2/day
135,000 gpd/ft

0.00037 unitless

20 ft

3.15 ft

4.27 ft

0.187 gpd/ft2

2.50x10-2 ft/day
8.82x10-6 cm/sec

PH Well

1,420 ft

14,000 ft2/day
105,000 gpd/ft

0.00019 unitless

20 ft

4.53 ft

6.87 ft

0.123 gpd/ft2

1.64x10-2 ft/day
5.80x10-6 cm/sec

NOTE:
Calculations based on Hantush-Jacob Equation (Model BIO, Walton, 1985)



Table 10. Vertical Gradient Calculations from Site Measurements.

WELL

MW-1D
MW-1I
MW-1S

HW-8D
MW-8S

MW-13D
MW-13S

PH Well
NW-9S

Screen
Elevation

696
760
810

Total :

693
817

688
817

685
815

Screen
Separation

•+-----------

64
50
114

124

129

130

After 8

Water
Elevation

811.73
814.04
814.97
Total :

812.05
815.49

812.44
814.63

812.12
815.53

Hours of

Level

Pumping

Vertical
Gradient

Difference (iv)

-2.31
-0.93
-3.24

-3.44

-2.19

-3.41

T

-0.036
-0.019
-0.028

-0.028

-0.017

-0.026

At End

Water
Elevation

816.39
815.51
815.29
Total :

816.60
815.53

815.59
814.85

816.65
815.56

of Recovery Phase

Vertical
Level Gradient

Difference (iv)

0.88 0.014
0.22 0.004
1.10 0.010

1.07 0.009

0.74 0.006

1.09 0.008

NOTES:
Water levels and well elevations recorded in feet.
Positive values Indicate upward gradient.
Negative values indicate downward gradient.



Table 11. Calculation of Seepage between the Upper and Lower Aquifers.

WELL
NEST

MW-1S
NW-1D

MW-8S
MW-8D

MW-13S
MW-13D

MW-9S
PH Well

Vertical Permeability
Across Confining Layer

(Kv) (feet/day)

0.08

0.03

0.06

0.04

After 8

Vertical
Gradient
dv)

-0.028

-0.028

-0.017

-0.026

Hours of Pumping

Seepage Volume
cubic feet

per acre per day
.__+--_--_--_----_.--

-98

-37

-44

-45

At End of

Vertical
Gradient
dv)

-----------+

0.004

0.009

0.006

0.008

Recovery Phase

Seepage Volume
cubic feet

per acre per day

35

12

16

14

Average leakage per day per acre
Geometric Mean (cubic feet): -52

NOTES;
Vertical permeability calculations summarized in Appendix H-3.
Negative values indicate leakage from upper aquifer to lower aquifer.
Positive values indicate leakage from lower aquifer to upper aquifer.
Calculation based on 43,560 square feet/acre.
Seepage volume precision is only valid to 1 significant figure.

18



TABLE 12
SUMMARY OF FIELD SAMPLING ACTIVITIES

PHASE I AND II RI

Activity

Soil Sampling

- Soil Borings (1)
- Surface Soil

Groundwater Sampling

- Monitoring Wells
- Municipal Wells
- Private Wells

Surface Water

Sediments

No. Samples
Collected
Phase I

74
6

17

13

18

Collection
Dates (1988)

2/23 to 2/29
3/19

3/14 to 3/18

3/17 to 3/18

3/17 to 3/19

No. Samples
Collected
Phase II

40

21
2 (2)
2 (2)

Collection
Dates (1988) Total

7/29 to 8/01

8/30 to 9/12
9/13
9/13

113
6

40
2
2

13

18

(1) Phase II soil boring samples were analyzed for the volatiles fraction only (with
the exception of 2 samples).

(2) Both municipal wells and 1 private well were resampled on 10/28/88 and reanalyze
for volatiles only.



TABLE 13
LISTING OF CONSTITUENT ORGANIC GROUPINGS

Volatiles

Total Chlorinated
Ethenes

Vinyl Chloride
Trichloroethene
trans-1,2-Di chloroethene
1,1-Dichloroethene

Total Chlorinated
Ethanes

1,1-Dichloroethane
Chloroethane
1,1,1-Trichloroethane

Toluene
Toluene

Semi-Volatiles

PAH

Naphthalene
2-methylnaphthalene
Acenaphthene
Fluorene
Benzo(A)anthracene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Chrysene
Benzo(B)fluoranthene
Benzo(K)fluoranthene
Benzo(A)pyrene
Indeno(l,2,3-CD)pyrene

Phenols

Phenol
Benzoic Acid
2-Methylphenol
4-Methylphenol
2,4-Dimethylphenol
Benzyl Alcohol

Phthalates

di-n-Butylphthalate
bis(2-ethylhexyl)phthalate
di-n-Octylphthalate
Butyl benzylphthalate
Diethylphthalate

Pesticides/PCB's

Gamma-Chlordane
4,4'-DDD
4,4'-DDE
Endrin
Aroclor-1248
Aroclor-1254
Aroclor-1260



TABLE 14
FREQUENCY OF CHEMICAL DETECTS FOR VARIOUS MEDIA

Chemical
Soil Borings Surface Surface

Round I Round II* Soil Water
Groundwater

Sediment Round I Round II*

I of media
detected In

Round I

VOLATILES

Vinyl Chloride 1
Methylene Chloride 12
Acetone 31
Carbon Disulfide 5
1,1-Dichloroethane 6
Total 1,2-Dichloroethene 16
Chloroform 34
2-Butanone 6
1,1,1-Trichloroethane 7
1,2-Dichloropropane 2
Trichloroethene 16
Benzene 2
Bromoform 1
4-Methyl -2-Pentanone 1
Tetrachloroethene 15
Toluene 51
Chlorobenzene 1
Ethyl benzene 8
Styrene 1
Total Xylenes 7
Chloroethane
1,1-Dichloroethene

5
17
2

9
1

27

20
12

2

3

1
5

1
6

2
5
3
2
1

2
2

3

2

7

1

1
6

1

1

12

2
6
10
3

4
1
3
2

1
1
7

1
1
3

3
2
2
1
4
5
3
3
2
1
4
2
1
1
2
3
1
3
1
3

SEMI-VOLATILES

2,4-Dimethylphenol
2-Methylphenol

1
3



TABLE 14 (continued)

Chemical
Son Borings Surface Surface

Round I Round II* Soil Water
Groundwater

Sediment Round I Round II*

* of rnedla
detected In
Round I

SEMI-VOLATILES (continued)

Acenaphthene 1
Diethylphthalate 1
Fluorene 1
Phenanthrene 6
Anthracene 1
Di-n-Butylphthalate 11
Fluoranthene 4
Pyrene 4
Butyl benzylphthalate 1
Benzo(a)anthracene 1
Chrysene 1
B1s(2-ethy1hexyl)phthalate 24
Di-n-octylphthalate 4
Benzo(b)fluoranthene 2
Benzo(k)fluoranthene 2
Benzo(a)pyrene 1
Indeno(l,2,3-cd)Pyrene 1
Benzyl Alcohol
Benzole Acid
Isophorone

8

1

1

10

1
3
1
2
1
3
1
3
2
1
1
5
1
1
1
1
1
1
1

PESTICIDES/PCBs

Gamma-Chlordane
4,4'-DDE
Endrin
4,4'-ODD
Aroclor-1248
Aroclor-1254

2
1
1
1
1

1
1
1
1
2
2



TABLE 14 (continued)

Chemical

METALS (continued)

Aluminum
Antimony
Arsenic
Barium
Beryl1i urn
Cadmiurn
Calcium
Chromium, Total
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide, Total

Soil Borings Surface Surface
Round I Round II* Soil Water

47 6 13

55 6 2
72 6 13
3 4 5 2
25 6
72 6 13
69 6
57 6
70 6 10
72 6 13
7 2 6 3
72 6 13
55 6 12
12 1
70 6 1
71 6 13
11
13 5
5 3 13
24 1
69 6
72 6 12
51 6 13

Groundwater
Sediment Round I Round IV

I of media
detected in

Round I

18

18
18
15
7
18
18
18
18
18
17
18
18

18
18

7
1
1
18
18
18

11
15

1
15
1

2
12
1
15
14

14

15
7
1
5

11

12
2
15
22

22
1
1
10
22
1

22
21

12
22
4
1

22

1
21
14

5
5
4
4
5
4
3
5
5
5
5
5
2
4
5
1
3
5
4
4
5
5

** Numbers in parentheses represent total number of samples analyzed for each medium.

* Round II Soil borings were analyzed for volatiles only. Round II Groundwater samples were analyzed for the
full volatile, semi-volatile, pest1dde/PCB, and metal fractions.



TABLE 15
SUMMARY OF CHEMICAL CONCENTRATIONS
FOR PHASE I SOIL BORING SAMPLES

Frequency of
Detection
(Total - 741Chemical* __

Volatiles
Vinyl Chloride 1
Methylene Chloride 12
Acetone 31
Carbon Disulfide 5
1,1-Dichloroethane 6
Total 1,2-Dichloroethene 16
Chloroform 34
2-Butanone 6
1,1,1-Trichloroethane 7
1,2-Dichloropropane 2
Trichloroethene 16
Benzene 2
Bromoform 1
4-Methyl-2-pentanone 1
Tetrachloroethene 15
Toluene 51
Chlorobenzene 1
Ethyl benzene 8
Styrene 1
Total Xylenes 7

Semi-Volatiles
Phenol 1
4-Methylphenol 1
Naphthalene 3
2-Methylnaphthalene 3
Acenaphthene 1
Diethylphthalate 1
Fluorene 1
Phenanthrene 6
Anthracene 1
Di-n-butylphthalate 11
Fluoranthene 4
Pyrene 4
Butyl benzylphthalate 1
Benz(a)anthracene 1
Chrysene 1
bis(Z-ethylhexyl)phthalate 24
Di-n-octylphthalate 4
Benzo(b)fluoranthene 2
Benzo(k)f1uoranthene 2
Benzo(a)pyrene 1
Indeno(l,2,3-cd)pyrene 1
Benzo(g,h,i)perylene 1

Minimum
Concentration

(ug/kq)

8
7
13
3
6
2
2
5
4
70
5
2

,700
27
4
22
24
2
3
14

240
210
78
83

1,100
23

1,300
41

4,100
56
46
44

21,000
13,000
13,000

76
85
65
65

12,000
8,100
6,800

Maximum
Concentration

(Ud/kQl

8
310

13,000
14
490

71,000
36
81

1,100
1,600
43,000

4
4,700

27
5,400
59,000

24
1,200

3
4,300

240
210

2,100
1,300
1,100

23
1,300
18,000
4,100
29,000
28,000
24,000
21,000
13,000
13,000
140,000

950
11,000
11,000
12,000
8,100
6,800

Geometric Mean
fug/ko)

8
25
89
6
36
169
6
19
74
335
73
3

,700
27
29
171
24
71
3

389

240
210
253
359

1,100
23

1,300
434

4,100
201
391
389

21,000
13,000
13,000

371
258
846
846

12,000
8,100
6,800



TABLE 15
(continued)

Chemical1
Frequency of
Detection
(Total - 74)

Minimum
Concentration

fug/kg)

Maximum
Concentration Geometric Mean

(uq/kq)

Pesticides/PCBs

4,4-DDE
Endrin
4,4-DDD
Aroclor-1248
Aroclor-1254
Aroclor-1260

2
1
1
1
1
1

27
19
57
230
640

1,400

100
19
57
230
640

1,400

52
19
57
230
640

1,400

Metals

Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium, total
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide, total

Frequency of
Detection
Total - 74

Minimum
Concentration

(mq/kq)

Maximum
Concentration

(mq/kq)
Geometric Mean

(mq/kq)

47
55
72
34
25
72
69
57
70
72
72
72
55
12
70
71
11
13
5
24
69
72
51

1,570
1.5
8.2
0.23
1.2

1,180
3.7
1.9
3.9

4,350
2.4

908
34.3
0.028
4.6

197
1.5
0.2

429
0.2
5
17.6
2.7

14,900
25.2
409
0.91

109
195,000

254
17

841
171,000
1,980
42,700
1,050

0.23
300

12,300
4.5
4.6

3,120
1

35.3
1,870

111

4,325
9
38
0.42
2

21,987
12
6
19

13,730
11

8,297
320
0.06
15
734
2
2

946
0.4
13
56
12

*Does not include non-detects or data which did not meet validation criteria.



TABLE 16
SUMMARY OF CHEMICAL CONCENTRATIONS
FOR PHASE II SOIL BORING SAMPLES

Frequency of Minimum Maximum
Detection Concentration Concentration Geometric Mean

Chemical* (Total - 38) (ua/ka) (ua/ka) (uo/ka)

Volatiles

Methylene Chloride 1 20 20 20
1,1-Dichloroethane 5 2 150 10
Total 1,2-Dichloroethene 17 1 82,000 83
Chloroform 2 2 2 2
1,1,1-Trichloroethane 9 2 9,600 28
1,2-Dichloropropane 1 4 4 4
Trichloroethene 27 1 83,000 20
1,1,2-Trichloroethane 1 2 2 2
Tetrachloroethene 20 1 1,400 22
Toluene 12 1 580 5
Ethyl benzene 2 8 600 69
Total Xylenes 3 25 2,800 412

Semi-Volatlles (Total - 2)

Naphthalene 1 3,800 3,800 3,800
2-Methylnaphthalene 1 24,000 24,000 24,000
Acenaphthene 1 1,600 1,600 1,600
Dibenzofuran 1 2,200 2,200 2,200
Fluorene 1 1,900 1,900 1,900
Phenanthrene 1 5,500 5,500 5,500
Anthracene 1 890 890 890
Fluoranthene 1 3,000 3,000 3,000
Pyrene 1 1,900 1,900 1,900
Benz(a)anthracene 1 1,300 1,300 1,300
Chrysene 1 1,400 1,400 1,400
Benzo(b)fluoranthene 1 2,900 2,900 2,900
Benzo(k)fluoranthene 1 2,900 2,900 2,900
Benzo(a)pyrene 1 1,300 1,300 1,300
Indeno(l,2,3-cd)pyrene 1 490 490 490
Benzo(g,h,1)perylene 1 560 560 560



TABLE 16
(continued)

Chemical1
Frequency of
Detection
(Total - 2)

Minimum
Concentration

(mq/kql

Maximum
Concentration

(ma/kg)
Geometric Mean

(mq/kq)

Metals

Aluminum
Antimony
Arsenic
Barium
Cadmium
Calcium
Chromium,
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Silver
Vanadium
Z1nc

total

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

13,600
13.2
19.5
149
4.7

34,600
49.5
13
218

110,000
622

4,870
714
0.1
40.5

1,120
2.3
17.3
878

22,600
34.2
36.4
516
15.8

46,600
57.9
20

6,890
155,000
1,650
7,790
1,460

0.4
65

1,610
4.8
20.2

3,000

17,977
25
35
285
10

40,154
56
18

3,050
143,579
1,335
6,159
1,144

0.2
59

1,349
3
19

1,749

* Does not Include non-detects or data which did not meet validation criteria.
**Based on Lindsay, 1979, Table 1.1.



TABLE 17
MEAN CONCENTRATION OF ELEMENTS IN SUBSURFACE SOILS

COMPARED TO NATURAL SOILS***
(Lindsay, 1979)

Element

Aluminum
Arsenic**
Barium
Beryl 11 urn
Cadmium**
Calcium**
Chromium, total
Cobalt
Copper
Iron
Lead**
Magnesium**
Manganese
Mercury**
Nickel
Potassium
Selenium**
Silver**
Sodium
Thallium
Vanadium
Zinc**

Round 1 Soil Boring
Geometric Mean

(ma/ka)

4,325
9
38
0.42
2

21,987
12
6
19

13,730
11

8,297
320
0.06
15
734
2
2

946
0.4
13
56

Average in
Natural Soils*

fma/ka)

71,000
5

430
6
0.06

13,700
100
8
30

38,000
10

5,000
600
0.03
40

8,300
0.3
0.05

6,300

100
50

**
From Lindsay.
Indicates geometric mean for this element exceeded expected mean for
natural soils.

*** Background data available for metals only.



TABLE 18
MAXIMUM DETECTED CONCENTRATIONS OF ELEMENTS

IN SUBSURFACE SOILS COMPARED TO THE COMMON RANGE FOR NATURAL SOILS****

Element

Round 1 Soil Boring
Maximum Concentration

(mq/kql

Common Range for
Natural Soils*

(ma/kg)

Ohio
Farm Soils***
(mq/kcn

Aluminum 14,900
Arsenic 25.2
Barium 409
Beryllium 0.91
Cadmium** 109
Calcium 195,000
Chromium, total 254
Cobalt 17
Copper** 841
Iron 171,000
Lead** 1,980
Magnesium** 42,700
Manganese 1,050
Mercury 0.23
Nickel 300
Potassium 12,300
Selenium 4.5
Silver 4.6
Sodium 3,120
Thallium 1
Vanadium 35.3
Zinc** 1,870

* From Lindsay, 1979.

10,000
1

100
0.1
0.01
7,000

1
1
2

7,000
2

600
20

0.01
5

400
5

0.01
750

-
20
10

** Indicates maximum concentration detected at
for natural soils.

*** Logan and Miller, 1983.
**** Background data available for metals only.

- 300,000
- 50
- 3,000
- 40
- 0.70
- 500,000
- 1,000
- 40
- 100
- 550,000
- 200
- 6,000
- 3,000
- 0.3
- 500
- 30,000
- 50
- 5
- 7,500
--
- 500
- 300

site exceeds

0 - 2.9

4 - 23

11 - 37

9 - 39

9 - 38

47 - 138

expected range



TABLE 19
SUMMARY OF CHEMICAL CONCENTRATIONS

FOR ON-SITE SURFACE SOILS

Frequency of
Detection
(Total - 6)Chemical* ____

Volatiles
Total 1,2-Dichloroethene 1
Chloroform 5
Trichloroethene 1
Benzene 1
Toluene 1
Ethyl benzene 1
Total Xylenes 1

Semi-Volatiles
2-Methylphthal ene 1
Phenanthrene 1
Pyrene 1
Butyl benzylphthalate 1
bis(2-ethylhexyl)phthalate 5

Pesticides/PCBs
Gamma-Chlordane 1
Aroclor 1248 4

Metals
Aluminum 6
Arsenic 6
Barium 6
Beryl 1i urn 5
Cadmium 6
Calcium 6
Chromium, total 6
Cobalt 6
Copper 6
Iron 6
Lead 6
Magnesium 6
Manganese 6
Mercury 1
Nickel 6
Potassium 6
Silver 5
Sodium 3
Thallium 1
Vanadium 6
Zinc 6
Cyanide, total 6

Minimum
Concentration

(UQ/kQl

19
6
6
3
72
45
310

21,000
23,000
1,400
140
77

Maximum
Concentration

(uq/ka)

19
22
6
3
72
45
310

21,000
23,000
1,400
140

16,000

420
150

(mq/kQl
1,900

4.9
20
0.22
1.3

2,030
12.5
1.3
3.5

4,920
13.8

2,360
131
0.1
7.1

568
1.9

777
0.49
6.7
95.3
30.4

420
3,400

(mq/kq)
12,900

19.3
291
0.91

695
146,000
4,290

14.3
221

104,000
265

90,800
2,140

0.1
525

1,090
13.8

4,400
0.49

122
62,800
1,920

Geometric Mean
(uq/kq)

19
9
6
3
72
45
310

21,000
23,000
1,400
140
721

420
1,407

(mq/kql
7,996

12
132

1
17

10,724
67
8
28

26,807
34

5,583
1,029

0.1
57
837
3

1,705
0.49
29
626
112

** Does not include non-detects or data which did not meet validation criteria.



TABLE 19 (continued)

Round 1 Soil Borings - 0 to 2 Feet in Depth

Frequency of
DetectionChemical

Volatiles
Total 1,2-Dichloroethene 3
Chloroform 13
THchloroethene 4
Toluene 17
Methylene Chloride 2
Acetone 9
2-Butanone 1
4-Methyl-2-Pentanone 1
Tetrachloroethene 7
Ethyl benzene 1
Total Xylenes 1
Semi-Volatiles
Phenanthrene 5
Fluoranthene 3
b1s(2-ethylhexyl)phthalate 8
Phenol 1
4-Methylphenol 1
Naphthalene 2
2-Methylnaphthalene 2
Acenaphthalene 1
Diethylphthalate 1
Fluorene 1
Anthracene 1
Di-n-butylphthalate 4
Pyrene 3
Benzo(a)anthracene 1
Chrysene 1
Benzo(b)fluoranthene 1
Benzo(k)fluoranthene 1
Benzo(a)pyrene 1
Indeno(l,2,3-cd)pyrene 1
Benzo(g,h,1)perylene 1

Pest1c1des/PCBs
4,4'-DDE 1
EndHn 1
Aroclor 1254 1
Aroclor 1260 1

Minimum
Concentration

(yg/kq)

14
3
12
22
64
14
18
27
9
9
56

41
44
97
240
210
78
83

1,100
23

1,300
4,100

68
44

13,000
13,000
11,000
11,000
12,000
8,100
6,800

100
19
640
1400

Maximum
Concentration

(uq/kq)

20
36
390
520
80
14
18
27
67
9
56

18,000
24,000
2,900
240
210
99
430

1,100
23

1,300
4,100
200

24,000
13,000
13,000
11,000
11,000
12,000
8,100
6,800

100
19
640
1400

Geometric Mean
fuo/kq)

16
7
47
120
14
14
18
27
21
9
56

339
575
310
240
210
88
189

1,100
23

1,300
4,100

93
575

13,000
13,000
11,000
11,000
12,000
8,100
6,800

100
19
640
1400



TABLE 19 (continued)

Round 1 Soil Borings - 0 to 2 Feet In Depth

Chemical

Metals
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium, total
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide, total

Minimua Maximum
Frequency of Concentration Concentration Geometric Mean
Detection (mo/kg1 (ma/kal (mo/kg)

17
19
26
15
8
26
25
20
25
26
26
26
20
6
26
25
5
6
2
9
26
26
21

2,770
2.7
9.6
0.29
1.2

1,360
6.2
3.4
9.6

7,120
4.5

908
138
0.03
7.1

229
1.5
0.2

714
0.2
7.3
35
3.9

13,500
19.5
409
0.91
5.4

126,000
254
17.0
328

51,800
143

21,000
845
0.23
29.8

12,300
2.0
4.6

3,120
0.6
35.3
378
111

48

5,803
8
59
0
2

6,865
15
6

21
13,840

18
4,471
334
0.06
14
718
2
2
56
0.4
15
69
26.3



TABLE 20
MEAN CONCENTRATIONS OF ELEMENTS

IN ON-SITE SURFACE SOILS COMPARED TO NATURAL SOILS***

Round 1 Surface Soil Average in
Geometric Mean Natural Soils*

Element ___(mq/ka)___ (ma/kg)

Aluminum 7,996 71,000
Arsenic 12 5
Barium 132 430
Beryl 1 i urn 1 6
Cadmium** 17 0.06
Calcium 10,724 13,700
Chromium, total 67 100
Cobalt 8 8
Copper 28 30
Iron 26,807 38,000
Lead** 34 10
Magnesium** 5,583 5,000
Manganese** 1,029 600
Mercury** 0.1 0.03
Nickel** 57 40
Potassium 837 8,300
Silver** 3 0.05
Sodium 1,705 6,300
Thallium 0.49
Vanadium 29 100
Zinc** 626 50

* From Lindsay, 1979.
** Indicates geometric mean for this element exceeded expected mean for

natural soils.
*** Background data available for metals only.



TABLE 21
MAXIMUM DETECTED CONCENTRATION OF ELEMENTS IN SURFACE SOILS

COMPARED TO THE COMMON RANGE FOR NATURAL SOILS***

Round 1 Surface Soil Common Range for
Maximum Concentration Natural Soils*

Element ____(ma/kgl____ fmg/kal

Aluminum 12,900 10,000 - 300,000
Arsenic 19.3 1 - 5 0
Barium 291 100 - 3,000
Beryllium 0.91 0.1 - 40
Cadmium** 695 0.01-0.70
Calcium 146,000 7,000 - 500,000
Chromium, total** 4,290 1 - 1,000
Cobalt 14.3 1 - 40
Copper** 221 2 - 100
Iron 104,000 7,000 - 550,000
Lead** 265 2 - 200
Magnesium** 90,800 600 - 6,000
Manganese 2,140 20 - 3,000
Mercury 0.1 0.01 - 0.3
Nickel** 525 5 - 500
Potassium 1,090 400 - 30,000
Silver** 13.8 0.01 - 5
Sodium 4,400 750 - 7,500
Thallium 0.49
Vanadium 122 20 - 500
Zinc** 62,800 10 - 300

* From Lindsay, 1979.
** Indicates maximum concentration detected at site exceeds expected range

for natural soils.
*** Background data available for metals only.



TABLE 22
SUMMARY OF CHEMICAL CONCENTRATIONS FOR

ROUND I GROUNOWATER MONITORING WELL SAMPLES

Chemical1
Frequency of
Detection
(Total - 17)

Minimum
Concentration

(UQ/Ll

Maximum
Concentration

(uq/Ll
Geometric Mean

(UQ/L)

Volatiles

Vinyl Chloride
Acetone
1,1-Dichloroethane
Total 1,2-Dichloroethene
2-Butanone
Trichloroethene

7
1
1
5
1
1

4
270
630
44
23

18,000

5,500
270
630

56,000
23

18,000

56
270
630

5,551
23

18,000

Semi-Volatiles

Benzyl Alcohol 1
2-Methyl phenol 3
4-Methylphenol 2
Benzoic Acid 1
Naphthalene 1
Diethylphthalate 1
bis(2-ethylhexyl)phthalate 3

14
2
2
5
0,
0
4

08
08

14
13
5
5
0.08
0.08
29

14
4
3
5
0.
0.
15

08
08

Metals

Aluminum
Arsenic
Barium
Cadmium
Calcium
Chromium, total
Copper
Iron
Lead
Magnesium
Manganese
Potassium
Sodium
Thallium
Vanadium
Zinc
Cyanide, total

3
11
15
1
15
1
2
12
1
15
14
14
15
7
I
5

II

48.2 30,200
3
9.3
5

57,400
17
31
74.2
12

111
58

2,100
11,200

1
6.5
4.1
6.0

57.1
1,870

5
276,000

17
34

10,400
12

74,600
1,440
35,900
134,000

2
6.5
79
264

1,082
7

137
5

169,105
17
32

2,054
12

31,148
422

9,602
36,375

1
7
16
35

* Does not include non-detects or data which did not meet validation criteria.



TABLE 23
SUMMARY OF CHEMICAL CONCENTRATIONS

FOR ROUND II GROUNDWATER MONITORING WELL SAMPLES

Chemical1
Frequency of
Detection
(Total - 211

Minimum
Concentration

(UQ/Ll

Maximum
Concentration

(UQ/Ll
Geometric Mean

(ua/Ll

Volatlles

Vinyl Chloride 12
Chloroethane 1
Carbon Disulfide 2
1,1-Dichloroethene 3
1,1-Dichloroethane 6
Total 1,2-Dichloroethene 10
Chloroform 3
1,1,1-Trichloroethane 4
1,2-Dichloropropane 1
Trichloroethene 3
Benzene 2
4-Methyl-2-pentanone 1
Tetrachloroethene 1
Toluene 7
Ethyl benzene 1
Total Xylenes 1

1.3
1
0.59
16
2
4
0.7
0.17
8.4
1.1
1.1
2.2
27
0.3
4
28

2,800
I
2.3
92
270

38,000
12
II
8.4

25,000
7
2.2
27

3,500
4
28

36
1
1

31
36
460
3
2
8
38
3
2
27
4
4
28

Semi-volatiles

Phenol 1
2-Methylphenol 3
4-Methylphenol 2
Isophorone 2
2,4-Dimethyl phenol 1
Naphthalene 1
Diethylphthalate 3
Di-n-butylphthalate 2
bis(2-ethylhexyl)phthalate 4

6
3
3
0.8
0.6
0.1
0.1
0.3
6

6
29
14
2
0.6
0.1
2
0.3

160

6
6
6
1
0.6
0.1
1
0.3
21



TABLE 23
(continued)

Chemical*

Frequency of
Detection
(Total - 211

Minimum
Concentration

(UQ/Ll

Maximum
Concentration

(UQ/Ll
Geometric Mean

(ua/Ll

Metals

Aluminum
Antimony
Arsenic
Barium
Calcium
Chromium, total
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Selenium
Silver
Sodium
Vanadium
Zinc
Cyanide, total

12
2
15
22
22
1
1
10
22
1

22
21
12
22
4
1

22
1

21
14

30.8
1.2
3
12.3

48,100
6.9
5.1
5.2

21
2.3
77.9
29.1
9

1,860
1.8
4.1

11,200
5.3
3.5
8.0

111

23,800
32.7
23.4

1,410
222,000

6.9
5.1

21.6
7,870

2.3
57,600
1,370

43.8
37,300

2.2
4.1

,000
5.3
65.7
150

149
6
7

138
129,470

7
5
8

674
2

27,354
254
14

7,096
2
4

29,063
5
18
25

* Does not include non-detects nor data which did not meet validation criteria.



TABLE 24
SUMMARY OF CHEMICAL CONCENTRATIONS FOR
MUNICIPAL WATER SUPPLY WELL SAMPLES

Frequency of Minimum Maximum
Detection Concentration Concentration Geometric Mean

Chemical* (Total - 2) IUQ/J] (uq/Ll (uo/Ll

Semi-Volatlies

Phenol 1 2 2 2
Diethylphthalate 2 0.2 0.3 0.25
Di-n-octylphthalate 1 3 3 3

Metals

Aluminum 1 43.9 43.9 44
Arsenic 2 5.6 8.6 7
Barium 2 126 150 137
Calcium 2 77,700 88,100 82,700
Copper 1 5.0 5.0 5
Iron 2 1,130 1,540 1,320
Magnesium 2 35,900 38,300 37,100
Manganese 2 132 137 134
Potassium 2 1,630 1,660 1,640
Sodium 2 121,000 153,000 136,000
Zinc 2 6.9 7.3 7

* Does not include non-detects or data which did not meet validation criteria.



TABLE 25
SUMMARY OF CHEMICAL CONCENTRATIONS FOR

PRIVATE WATER SUPPLY WELL SAMPLES

Chemical1
Frequency of
Detection
(Total - 3)

Minimum
Concentration

(UQ/L)

Maximum
Concentration

(UQ/Ll
Geometric Mean

(ug/Ll

Semi-Volatlles

D1ethylphthalate
Butyl benzylphthalate

2.0
0.2

2.0
0.2

2
0.2

Metals

Aluminum
Barium
Calcium
Iron
Magnesium
Manganese
Potassium
Sodium
Zinc

2
3
3
3
3
3
3
3
3

47.9
111

96,000
1,370
46,500

147
1,660

164,000
4.6

53.
255

136,000
4,500
49,600

151
2,270

194,000
154

51
183

110,000
2,340
47,600

145
1,920

175,000
18

* Does not Include non-detects or data which did not meet validation criteria.



TABLE 26
CLASSIFICATION OF DISSOLVED INORGANIC

CONSTITUENTS IN NATURALLY OCCURRING GROUNDWATER
(from Davls and DeWiest, 1966)

Major constituents (greater than 5 mg/L)

Bicarbonate alkalinity Magnesium
Calcium Sodium
Chloride Sulfate

Minor constituents (0.01-10.0 mg/L)

Fluoride
Iron

Nitrate
Potassium

Trace constituents (less than 0.1 mg/L)

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Chromium
Cobalt
Copper

Manganese
Nickel
Phosphate
Selenium
Silver
Thallium
Vanadium
Zinc



TABLE 27
SUMMARY OF CHEMICAL CONCENTRATIONS FOR

SURFACE WATER SAMPLES

Chemical1
Frequency of
Detection
(Total - 13)

Minimum
Concentration

(UQ/Ll

Maximum
Concentration

fuq/Ll
Geometric Mean

(ua/Ll

Volatiles

Methylene Chloride
1,1-Dichloroethane
Total 1,2-Dichloroethene

1
1
6

6
66
1

6
66

1,600

6
66
8

Semi-Volatiles

Diethylphthalate 8
Di-n-butylphthalate 1
Pyrene 1
Bis(2-ethylhexylJphthalate 1

0.08
0.2
0.1
0.6

0.6
0.2
0.1
0.6

0.1
0.2
0.1
0.6

Metals

Aluminum
Arsenic
Barium
Beryl 1i urn
Calcium
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Sodium
Zinc
Cyanide, total

13
2
13
2
13
10
13
3
13
12
1

13
13
12
13

51.9
3.4
46.4
1.1

39,900
6
97.4
2.5

14,500
19.4
8

2,190
4,130

3
20

331
8

105
1.1

129,000
18.1

4,070
3.7

32,000
2,070

8
43,100
277,000

12.1
315

178
5
66
1

82,835
9

604
3

23,274
119
8

5,460
16,941

7
50

Does not include non-detects or data which did not meet validation criteria.



Maximum
Concentration

(ua/L)

8.0
1.1
18.1
3.7
8.0
12.1

315

Mean
Concentration

(ua/U

5
1
9
3
8
7
50

AWQC AWQC
Human Aquatic Life
(ua/L) (ua/L)

.0022(2) 190(3)

.0037(2) 5.3(4)
6.5(3)

50(5) 1.3(3)
13.4(5) 56(3)

47(3)
200(5) 5.2(3)

TABLE 28
MAXIMUM AND MEAN CONCENTRATIONS FOR ELEMENTS

DETECTED IN SURFACE WATER SAMPLES
COMPARED TO EPA AMBIENT WATER QUALITY CRITERIA

Maximum and mean concentrations for elements detected in surface water samples
compared to EPA Ambient Water Quality Criteria.

Element(l)

Arsenic
Beryl 1i urn
Copper*
Lead**
Nickel
Zinc
Cyanide, total

(1) Does not include non-detects or elements for which Ambient Water Quality
Criteria do not exist.

(2) Ambient Water Quality Criteria (AWQC) for carcinogenicity protection
(incremental increased lifetime cancer risk of 10"°) in humans ingesting
water and organisms.

(3) Ambient Water Quality Criteria (AWQC) for the protection of aquatic life,
freshwater chronic exposure.

(4) Ambient Water Quality Criteria (AWQC) for the protection of freshwater
aquatic life (lowest reported toxic concentration, chronic).

(5) Ambient Water Quality Criteria (AWQC) for toxicity protection of human
health, ingesting water and organisms.

Note: Arsenic and lead are the only elements detected in surface water samples
for which EPA Maximum Containment Levels for Drinking Water exist.
(Arsenic MCL - 50 ug/L; lead - 50 ug/L).

* 8 surface water locations exceeded AWQC (copper) for Aquatic Life: SW-1,
SW-2, SW-5, SW-6, SW-7, SW-10, SW-11 and SW-13.

**3 surface water locations exceeded AWQC (lead) for Aquatic Life: SW-9, SW-12
and SW-13.



TABLE 29
SUMMARY OF CHEMICAL CONCENTRATIONS

FOR SEDIMENT SAMPLES

Chemical

Frequency of
Detection
(Total - 18)

Volatiles
Vinyl Chloride
1,1-Dichloroethane
Total 1,2-Dichloroethene
Chloroform
2-Butanone
1 , 1 , 1 -Tri chl oroethane
Trichloroethene
Tetrachloroethene
Toluene
Ethyl benzene
Total Xylenes

Semi -Volatiles
4-Methyl phenol
Di-n-butylphthalate
bi s(2-ethyl hexyl )phthal ate

Pesticides-PCBs
Aroclor 1254
Aroclor 1260

Metals
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium, total
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Nickel
Potassium
Silver
Sodium
Thallium
Vanadium
Zinc
Cyanide, total

1
2
5
3
2
1
3
2
2
3
2

1
1
10

2
1

18
17
18
15
7
18
18
18
18
18
17
18
18
18
18
7
1
1
18
18
18

Minimum
Concentration

fuo/kgl

270
33
3
3
8
3
4
5

150
3
5

86
27
50

160
200

(ma/kg)

Maximum
Concentration

fug/kg)

270
1,300
1,100

16
39
3
44
7

210
33
48

86
27
220

290
200

(mg/ko)
2,210

2.3
21.3
0.29
1.3

32,600
6.7
2.1

11.8
5,950

3.3
6,400
209
7.2

390
1.1

1,110
0.95
8
21
4.36

9,920
19.7
80.1
0.85
2.6

104,000
39.5
7.1

247
22,500

374
30,400

629
24.4

1,410
1.8

1,110
0.95
27
397
66.4

Geometric Mean
fug/kg)

270
207
54
6
18
3
17
6

177
7
15

86
27
91

241
200

(mg/kg)
4,876

8
43
0.48
2

57,385
11
5
27

12,865
13

13,516
354
15

820
1

1,110
1

15
62
22

* Does not include non-detects or data which did not meet validation criteria.



TABLE 30

NO TABLE



TABLE 31

NO TABLE



TABLE 32
DATA QUALIFIER DEFINITIONS FOR ORGANIC COMPOUNDS

U The material was analyzed for, but was not detected. Refer to
contract required quantitation limit.

R The data are unusable (compound may or may not be present).
Resampling and reanalysis Is necessary for verification.

J The associated numerical value is an estimated quantity. Refer to
Table 3 for conditions which require value estimation.

B Compound was also detected in the associated method blank.

UJ Qualifier assigned by data reviewers to indicate that although the
compound was detected in the sample, it is considered to be the
result of laboratory contamination (UJ) and not a component of the
environmental sample. The associated value is the quantity detected
in the sample and thus the estimated sample quantitation limit.

D Sample was diluted prior to analysis.

E The concentration of the compound exceeded the calibration range of
the instrument.

A The tentatively identified compound is a suspected aldol-
condensation product.

N Presumptive evidence of the presence of the material.



TABLE 33
EXAMPLES OF CONDITIONS WHICH REQUIRE
ESTIMATION OF ORGANICS ANALYSIS DATA

1. If the contract-required time period from the time of sampling to the
time of sample extraction or analysis (holding time) is exceeded.

2. If the instrument initial or continuing calibration criteria are not
within U.S. ERA established limits.

3. If the recoveries of the sample surrogate standards do not meet U.S. ERA
established criteria.

4. If the response of the sample internal standards do not meet U.S. ERA
established criteria.

5. If the concentration of the compound exceeds the calibration range of
the instrument.

6. If the concentration of the compound is below the contract-required
quantitation limit.

7. If the compound is a Tentatively Identified Compound.



TABLE 34
REFERENCE DOSES AND POTENCY FACTORS FOR THE INDICATOR CHEMICALS

Chemical

Vinyl Chloride
1,2-01chloroethylene
Trichloroethylene
Toluene
bis(2-ethylhexyl)
phthalate

Polynuclear Aromatic
Hydrocarbons

Polychlorlnated
Biphenyls

Cadmlurn
Nickel
Chromium (VI)
Arsenic
Z1nc
Cyanide, total

Oral*
RFDs RFD

(mq/kq/d)

1.0E-03(1)
7.9E-02(1)
2.7E-02(1)
4.0E-01
2.0E-02(1)

ID

3.0E-04(1)

5.0E-04(1)
2.0E-02
2.0E-02
1.0E-03(1)
2.0E-01
2.0E-02(1)

7.9E-03(1)

3.0E-01
2.0E-02

5.0E-04
2.0E-02
5.0E-03
l.OE-03
2.0E-01
2.0E-02

Inhalation
RFDs RFD

(mg/ka/d)

1.0E-03(1)
7.9E-02(1) 7.9E-03(1)
2.7E-02(1)
l.OE+00 l.OE+00

5.IE-03

Oral*
Potency Factor
(mq/kq/dl-1

2.3E+00
NA

1. IE-02
NA

1.4E-02

1.15E+01(2)

7.7E+00

1.8E+00
NA
NA

Inhalation
Potency Factor
fmq/kq/dl-1

2.95E-01
NA

1.3E-02
NA

6.1E+00(2)

6.1E+00
1.7E+00
4.1E+01
5.0E+01

NA
NA

(1) Derived for this assessment. See details in RI Report.
(2) Based on benzo(a)pyrene.
NA - Not Applicable.
ID - Insufficient data to derive value.
* Applied to dermal routes in addition to oral routes as a basis of conservatism.



^ TABLE 35 —
POTENTIAL EXPOSURE PATHWAYS - CURRENT SITE CONDITIONS

Environmental
Medium

Groundwater

Surface soils

Exposure
Point

Exposed
Receptors

Columbia City Residents of
distribution Columbia City,
system water, residents with
private well water private wells

On-site direct
contact

Surface water and
sediments
Pond on-site,
Blue River

Fugitive dusts

On-site direct
contact

F1sh from
Blue River

Trespassers

Terrestrial
wildlife

Trespassers,
off-site
residents

Trespassers,
children
playing by
river

Aquatic organ-
isms, terres-
trial wildlife

Populations
consuming fish
caught locally

Routes of
Exposure

Ingestion,
inhalation,
dermal absorp-
tion

Dermal absorp-
tion; incidental
ingestion

Ingestion,
dermal absorp-
tion

Inhalation,
incidental

Dermal absorp-
tion, incidental
ingestion

Direct ingestion
bioconcentra-
tion, bioaccumu-
tion

Ingestion

Pathway
Complete?

No; municipal
and private
wells clean

Not determined

Not determined
but likely

Yes

Not determined

Not determined
but likely

Not determined

Exposure
Potential

None

Addressed In
Endangerment
Assessment

No

Low; frequency Yes
of trespass
assumed to be low

Low; site area No
likely supports
small populations
of wildlife

Low; amount of No
dusts generated
expected to be low

Low; concentra- No
tions of chemicals
detected in
surface water are
low; banks of the
Blue River adja-
cent to the site
are to steep to
allow access

Low; site likely No
supports small
animal populations

Low; Blue River No
does not support
fishing



TABLE 35
(continued)

Environmental
Medium

Exposure
Point

Exposed
Receptors

Routes of
Exposure

Pathway
Complete?

Exposure
Potential

Addressed in
Endangerment
Assessment

Subsurface soils

Air

On-site excavated
soils

Remediation
workers

On-site, volatil- Trespassers
ization from soils

Dermal absorp-
tion; incidental
ingestion

Inhalation

Yes

No; HNu air
analysis
negative

Low; workers
wear protective
clothing

None

No

No



^ TABLE 36
ASSUMPTIONS AND POTENTIAL EXPOSURE PATHWAYS - FUTURE SITE CONDITIONS

Assumption
Future Site
Conditions

Contaminated
groundwater plume
migrates to
municipal well

Contaminated
groundwater plume
migrates to
private well

Environmental
Medium

Groundwater

Groundwater

Site is developed
industrial px
residential

Soils

Soils

Groundwater

Exposure
Point

Municipal
distribution
system water

Private well
water

On-site
excavated soil

On-site
surface soil

On-site
private well

Exposed
Receptors

Columbia City
residents

Residents with
private wells

Construction
workers

Industry
employees.,
residents

Industry
employees.,.
residents

Exposure
Potential

Low; well use and
hydrogeology does
not support
migration to
municipal well

Low; zoning pre-
vents well
installation near
the site in the
future; low poten-
tial exists for con-
taminants to migrate
to existing wells

Dermal contact, Moderate; exposure
incidental would be limited
ingestion to construction

period

Routes of
Exposure

Ingestion,
inhalation,
dermal absorp-
tion

Ingestion,
inhalation,
dermal absorp-
tion

Addressed in
Endangerment
Assessment

Yes

Dermal contact,
incidental
ingestion

Ingestion,
inhalation,
dermal absorp-
tion

Yes

Yes

Low; contaminated No
soils would likely
be confined to
subsurface since filling
would be necessary

Low; domestic
water use would
be supplied by
municipal water

No



TABLE 36
(continued)

Assumption
Future Site
Conditions

Potential flooding
of Blue River
resulting in
contaminated
surface runoff

Environmental
Medium

Runoff to surface
water and
sediment

Exposure
Point

Blue River
water

Aquatic
organisms

Exposed
Receptors

People who swim
1n river

Aquatic
organisms

Humans/terres-
trial organisms
consuming aqua-
tic organisms

Routes of
Exposure

Dermal absorp-
tion, Inciden-
tal ingestion

Bioconcentra-
tion

Ingestion,
bioaccumula-
tion

Exposure
Potential

Low; Blue River
not utilized for
significant
recreational
activity

Moderate; unable
to quantify

Low/moderate;
Blue River does not
support fishing.
Unable to quantify

Addressed in
Endangerment
Assessment

No

No

No



TABLE 37

CURRENT AND FUTURE POTENTIAL EXPOSURE
PATHWAYS OF GREATEST CONCERN

Contaminated
Medium Receptors

Contaminant
Intake Route

Groundwater Municipal water users
Private well water users

1. Ingestion from drinking
and cooking

2. Dermal absorption while
bathing

3. Inhalation of volatile
compounds while
showering and bathing

Soils On-site trespassers,
On-site construction
workers

1. Dermal absorption

2. Incidental ingestion



—s TABLE 38 "~"
MAXIMUM AND AVERAGE EXPOSURE POINT CONCENTRATIONS
OF CONTAMINANTS FOR RECEPTOR DOSE CALCULATIONS

Assumptions of
Site Conditions

Exposure Pathway

Medium

Data representation

phthalate

Carcinogenic
polynuclear
aroMtic
hydrocarbons (total)d

Polychlorinated
biphenyls
(total)

Cadmium

Nickel

Chromium
(total)

Arsenic

Zinc

Cyanide, total

Current

Exposure of Trespassers
to Contaminated
Soils On-Site

Surface Soil*

Maximum Average
(ug/kg) (ug/kg)

Future Future Future

Exposure of Residents to Exposure of Construction Exposure of Residents to
Contaminated Groundwater Workers to Contaminated Contaminated Groundwater

From Municipal Wells Soils On-Site from Private Wells

Grounduaterb

Maximum Average
(ug/L) (ua/L)

Subsurface Soil0

Maximum Average
(ua/kg) (ug/kg)

Groundwaterb

Maximum Average
(ua/L) (ua/l)

indicator Chemical

Vinyl Chloride

1,2-Dichloroethane
(total)

Trichloroethene

Toluene

bis(2-ethylhexyl)

NO NO 28

20 16 280

390 47 130

520 120 18

16,000 310 0.8

0.3

28

0.2

0.02

0.1

8

82.000

83.000

59,000

140,000

8

170

73

170

380

187

1,870

867

120

5.3

2.0

187

1.3

0.13

0.67

74.900 74,900

3,400 2,040

(mg/kg) (ma/ko)

700 2

530 14

4,300 IS

19 8

63.000 69

1.920 26

NO

NO

NO

NO

74.900 47,800 NO NO

2.270 2,270 NO NO

(ma/kg) (mo/kg)

0.03

0.2

0.09

0.3

0.4

1.3

0.03

0.07

0.09

0.04

0.08

0.18

110

300

250

36

3.000

111

2

15

12

9

56

12

0.2

1.3

0.6

2.0

2.7

8.7

0.2

0.47

0.6

0.27

0.53

1.2



NwfiLE 38
(continued)

MAXIMUM AND AVERAGE EXPOSURE POINT CONCENTRATIONS
OF CONTAMINANTS FOR RECEPTOR DOSE CALCULATIONS

Notes

Sources of dsts for this exposure pathway included surface soil samples collected during Round 1 and soil boring staples at 0 to
2 feet depth collected during Rounds 1 and 2. Since all of the surface soil samples Mere collected fro» a SMll area of the URR
site, only soil boring data were used for geometric Mean calculations. Max i MUM values for each indicator cheaiical were obtained
fro* either surface or subsurface soil data.

Highest values fron groundMater data collected during Rounds 1 and 2 were selected. These values Mere then Multiplied by a
dilution factor of 1/200 (Municipal water supply) and 1/30 (private well water) to estimate concentrations which May occur at
points of receptor contact. Refer to Section 3 for an explanation of the dilution factors.

Highest values fro*, soil boring data at all depths collected during Rounds 1 and 2 were selected.

Includes only coapounds classified as huMan or possible huaan carcinogens by the International Agency for Research on Cancer.
Values for these coapounds were sunned within each saaple.

NO - not detected



TABLE 39

ESTIMATES OF MEDIA INTAKE AND SELECTED EXPOSURE FACTORS

Skin Surface Area (cm2) Maximum Soil
Body Water Inhalation

Population Weight Consumption Rate
âae ranae) (ka) (1/d) (n»3/hr)

Adult 70 2.0 1.3
(21-70)

Adolescent 57 2.0 1.3
(6-20)

Toddler 14 1.0 1.4
(0-5)

Soil Accumulation
Available for Available for Ingestlon on skin
Water Contact Soil Contact (ka/d) (ma/cm2)

18,200 3,890a 1 x 10'* 1.5

18,200 9,650b 1 x 10'* 1.5

6,030 NA NA NA

aAssumed for construction worker: head, arms and hands exposed.

^Assumed for trespasser: head, arms, hands and legs exposed.

NA - Not applicable to exposure pathways.



TABLE 40
ESTIMATES OF THE DURATION AND FREQUENCY

OF EXPOSURE TO CONTAMINATED MEDIA

Contaminated
Medium

Groundwater

Soils

Contaminant Intake
Route and

Exposure Activity

Ingestion from
drinking and
cooking

Dermal absorption
from bathing

Inhalation from
showering

Dermal absorption
from direct contact

Exposure
Event Duration

NA

.33 hour/day

.33 hour/day

NA

Exposure
Event Frequency

dally,
lifetime

1 event/day,
365 days/year,
lifetime

1 event/day,
365 days/year,
lifetime

Trespassers

1 event/week,
8 months/year,
5 years

Construction
Workers

1 event/day,
5 days/week,
18 months

NA - not applicable



TABLE 41

MAXIMUM AND AVERAGE DAILY CONTAMINANT DOSES (mg/kg/day)
FOR CALCULATION OF RISK

Current Site Conditions - Exposure of Trespassers to Contaminated Soils

Dermal Absorption Inaestion
Chemical

Vinyl Chloride

1,2-Dichloroethene
(total)

Trichloroethene

Toluene

bis(2-ethylhexyl)
phthalate

Polynuclear
aromatic
hydrocarbons

Polychlorinated
biphenyls

Cadmium

Nickel

Chromium (total)

Arsenic

Zinc

Cyanide, total

Max

ND

4.8E-07

9.4E-06

1.2E-05

3.8E-04

1.8E-03

8.2E-05

1.7E-04

1.3E-04

l.OE-03

4.6E-06

1.5E-02

4.6E-02

Ave

ND

3.8E-07

1. IE-06

2.9E-06

7.4E-06

1.8E-03

4.9E-05

4.8E-07

3.4E-06

3.6E-06

1.9E-06

1.7E-05

6.2E-04

Max

ND

3.3E-09

6.5E-08

8.6E-08

2.6E-06

1.2E-05

5.6E-07

1. IE-04

8.7E-05

7. IE-04

3. IE-06

l.OE-02

3.2E-04

Ave

ND

2.6E-09

7.8E-09

2.0E-08

5. IE-08

1.2E-05

3.4E-07

3.3E-07

2.3E-06

2.5E-06

1.3E-06

1. IE-05

4.3E-06



42
MAXIMUM AND AVERAGE DAILY CONTAMINANT DOSES (mg/kg/day) FOR CALCULATION OF RISK

Future Site Conditions -
ExDosure of Columbia Citv Residents to Contaminated Groundwater

from Municipal Hater Supply

Chemical

Vinyl Chloride

1,2-Dichloroethene
(total)

Trichloroethene

Toluene

bis(2-ethylhexyl)
phthalate

Polynuclear
aromatic
hydrocarbons

Polychlorlnated
biphenyls

Cadmium

Nickel

Chromium (total)

Arsenic

Zinc

Cyanide, total

Ingestion
Max Ave

9.4E-04

9.4E-03

4. IE-03

6.2E-04

2.6E-05

ND

ND

9.9E-07

6.4E-06

2.9E-06

9.9E-06

1.3E-05

4.2E-05

9.8E-06

9.4E-04

6.3E-06

6.4E-07

3.3E-06

ND

ND

9.9E-07

2.3E-06

2.9E-06

1.3E-06

2.6E-06

5.9E-06

Dermal Absorption
Max Ave

1. IE-06

1. IE-05

5.0E-06

7.2E-07

6. IE-08

ND

ND

2.3E-09

1.6E-08

6.9E-09

2.3E-08

3.0E-08

9.8E-08

1.2E-08

1. IE-06

7.7E-09

7.7E-10

7.7E-09

ND

ND

2.3E-09

5.3E-09

6.9E-09

3.0E-09

6. IE-09

1.3E-08

Inhalation
Max Ave

1.8E-03

1.8E-02

8.4E-03

1.2E-03

NA

NA

NA

NA

NA

NA

NA

NA

NA

2.0E-05

1.8E-03

1.3E-05

1.3E-06

NA

NA

NA

NA

NA

NA

NA

NA

NA



Chemical

Vinyl Chloride

1,2-Dichloroethene
(total)

Trichloroethene

Toluene

b1s(2-ethylhexyl)
phthalate

Polynuclear
aromatic
hydrocarbons

Polychlorinated
biphenyls

Cadmium

Nickel

Chromium (total)

Arsenic

Zinc

Cyanide, total

TABLE 42
(continued)

E DAILY CONTAMINANT DOSES (mg/kg/day) FOR CALCULATION OF RISK

Future Site Conditions -
f Columbia Citv Residents to Contaminated Groundwater

from Private Hells
Ingestion

Max Ave
6.3E-03

6.3E-02

2.7E-02

4.2E-03

1.7E-04

ND

ND

6.6E-06

4.2E-05

1.9E-05

6.6E-05

8.7E-05

2.8E-04

6.5E-05

6.3E-03

4.2E-05

4.3E-06

2.2E-05

ND

ND

6.6E-06

1.5E-05

1.9E-05

8.7E-06

1.7E-05

3.9E-05

Dermal Absorption
Max Ave

7.3E-06

7.3E-05

3.3E-05

4.8E-06

2. IE-07

ND

ND

1.5E-08

1. IE-07

4.6E-08

1.5E-07

2.0E-07

6.5E-07

7.4E-08

7.3E-06

5. IE-08

5. IE-09

2.6E-08

ND

ND

1.5E-08

3.5E-08

4.6E-08

2.0E-08

4. IE-08

8.6E-08

Inhalation
Max Ave

1.2E-02

1.2E-01

5.6E-02

8.0E-03

NA

NA

NA

NA

NA

NA

NA

NA

NA

1.3E-04

1.2E-02

8.7E-05

8.7E-06

NA

NA

NA

NA

NA

NA

NA

NA

NA



TABLE 43
MAXIMUM AND AVERAGE DAILY CONTAMINANT DOSES (mg/kg/day)

FOR CALCULATION OF RISK

Future Site Conditions -
Exposure of Construction Workers to Contaminated Soils

Dermal Absorption Ingestion
Chemical

Vinyl Chloride

1,2-Dichloroethene
(total)

Trichloroethene

Toluene

bis(2-ethylhexyl)
phthalate

Polynuclear
aromatic
hydrocarbons

Polychlorinated
biphenyls

Cadmium

Nickel

Chromium (total)

Arsenic

Zinc

Cyanide, total

Max

4.8E-07

4.9E-03

4.9E-03

3.5E-03

8.3E-03

4.5E-03

1.4E-04

6.6E-05

1.8E-04

1.5E-04

2. IE-05

1.8E-03

6.6E-03

Ave

4.8E-07

l.OE-05

4.3E-06

l.OE-05

2.3E-05

2.8E-03

1.4E-04

1.2E-06

8.9E-06

7. IE-06

5.4E-06

3.3E-05

7. IE-04

Max

8.2E-09

8.4E-05

8.5E-05

6.0E-05

1.4E-04

7.6E-05

2.3E-06

1. IE-04

3. IE-04

2.5E-04

3.7E-05

3. IE-03

1. IE-04

Ave

8.2E-09

1.7E-07

7.4E-08

1.7E-07

3.9E-07

4.9E-05

2.3E-06

2.0E-06

1.5E-05

1.2E-05

9.2E-06

5.7E-05

1.2E-05



TABLE 44

SUBCHRONIC HAZARD INDEX SCORES

Soil - Inqestion

Chemical

Vinyl Chloride

1, 2-Dichloroethene
(total)

Trichloroethene

Toluene

bis(2-ethylhexyl)

Trespassers
Max Ave

ND

4.2E-08

2.4E-06

2. IE-07

1.3E-04

ND

3.3E-08

2.9E-07

5.0E-08

2.5E-06

Construction Workers
Max Ave

8.2E-06

1. IE-03

3. IE-03

1.5E-04

7.0E-03

8.2E-06

2.2E-06

2.7E-06

4.3E-07

1.9E-05

Soil - Dermal Absorption
Trespassers

Max Ave

ND

6. IE-06

3.5E-04

3.0E-05

1.9E-02

ND

4.8E-06

4. IE-05

7.3E-06

3.7E-04

Constructi
Max

4.8E-04

6.2E-02

1.8E-01

8.8E-03

4.2E-01

on Workers
Ave

4.8E-04

1.3E-04

1.6E-04

2.5E-05

1.2E-03
phthalate

Polynuclear aromatic ID ID ID ID
hydrocarbons

Polychlorinated 1.8E-03 1.IE-03 7.7E-03 7.7E-03
biphenyls

Cadmium 2.2E-01 6.6E-04 2.2E-01 4.0E-03

Nickel 4.3E-03 1.IE-04 1.5E-02 7.5E-04

Chromium (total) 3.5E-02 1.2E-04 1.3E-02 6.0E-04

Arsenic 3.IE-03 1.3E-03 3.7E-02 9.2E-03

Zinc 5.0E-02 5.5E-05 1.6E-02 2.9E-04

Cyanide, total 1.6E-02 2.2E-04 5.5E-03 6.0E-04

ID

2.7E-01

ID

1.6E-01

3.4E-01 9.6E-04

6.5E-03 1.7E-04

5.0E-02 1.8E-04

4.6E-03 1.9E-03

7.5E-02 8.5E-05

a.OE(Q»'% 3.IE-02

ID

4.7E-01

1.3E-01

9.0E-03

7.5E-03

2.IE-02

9.0E-03

3.3E-01

ID

4.7E-01

2.4E-03

4.5E-04

3.6E-04

5.4E-03

1.7E-04

3.6E-02

ID - Insufficient data in scientific literature to enable calculation.



Chemical

Vinyl Chloride

1, 2-Dichloroethene

Trichloroethene

Toluene

bis(2-ethylhexyl)

Groundwater
Municipal

Max

9.4E-01

1.2E-01

1.5E-01

1.6E-03

1.3E-03

TABLE 44
(continued)

SUBCHRONIC HAZARD INDEX SCORES

- Inqestion Groundwater - Dermal Absorption Groundwater
Water Users

Ave

9.8E-03

1.2E-02

2.3E-04

1.6E-06

1.7E-04

Municipal Water Users
Max Ave

1. IE-03

1.4E-04

1.9E-04

1.8E-06

3. IE-06

1.2E-05

1.4E-05

2.9E-07

1.9E-09

3.9E-07

Municipal
Max

1.8E+00

2.8E-01

3. IE-01

1.2E-03

NA

- Inhalation
Water Users

Ave

2.0E-02

2.8E-02

4.8E-04

1.3E-06

NA
phthalate

Polynuclear aromatic
hydrocarbons

Polychlorinated
biphenyls

Cadmium

Nickel

Chromium (total)

Arsenic

Zinc

Cyanide, total

ND

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

2.0E-03

3.2E-04

1.5E-04

9.9E-03

6.5E-05

2. IE-03

2.0E-03

1.2E-04

1.5E-04

1.3E-03

1.3E-05

3.0E-04

4.6E-06

8.0E-07

3.5E-07

2.3E-05

1.5E-07

4.9E-06

4.6E-06

2.7E-07

3.5E-07

3.0E-06

3. IE-08

6.5E-07

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA - Not applicable
ND - Not detected



TABLE 44
(continued)

SUBCHRONIC HAZARD INDEX SCORES

Chemical

Vinyl Chloride

1 ,2-Dichloroethene

Trichloroethene

Toluene

bis(2-ethylhexyl)

Groundwater
Private Well

Max

U.3E+00 j

8.0E-01

.AJBP̂
1. IE-02

8.7E-03

- Inqestion
Waters Users

Ave

6.5E-02

8.0E-02

1.5E-03

1. IE-05

1. IE-03

Groundwater -
Private Wel

Max

7.3E-03

9.3E-04

1.3E-03

1.2E-05

1. IE-05

Dermal Absorption
1 Water Users

Ave

8.0E-05

9.3E-05

1.9E-06

1.3E-08

1.3E-06

Groundwater
Private Well

Max

tl.2E+01

H.9E+00

> 2.1E+00

8.0E-03

NA

- Inhalation
Water Users

Ave

1.3E-01

1.9E-01

3.2E-03

8.7E-06

NA
phthalate

Polynuclear aromatic
hydrocarbons

Polychlorinated
biphenyls

Cadmium

Nickel

Chromium (total)

Arsenic

Zinc

Cyanide, total

NA - Not applicable
ND - Not detected

ND

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

1.3E-02

2. IE-03

l.OE-03

6.6E-02

4.3E-04

1.4E-02

1.3E-02

8.0E-04

l.OE-03

8.7E-03

8.7E-05

2.0E-03

3. IE-05

5.3E-06

2.3E-06

1.5E-04

l.OE-06

3.3E-05

3. IE-05

1.8E-06

2.3E-06

2.0E-05

2. IE-07

4.3E-06

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA



TABLE 45

CHRONIC HAZARD INDEX SCORES3

Chemical

1 , 2 -Di chl oroethyl ene

Toluene

Cadmium

Nickel

Chromium (VI)

Zinc

Cyanide, total

Chemical

1 ,2-Dichloroethylene

Toluene

Cadmium

Nickel

Chromium (VI)

Zinc

Cyanide, total

Groundwater
Municipal

Max
ĥ̂ ^̂ ^̂ ^̂ ^̂ e.Wŵ ^
2. IE-03

2.0E-03

3.2E-04

5.8E-04

6.5E-05

2. IE-03

Groundwater
Private Well

Max

lr.*M*l
1.4E-02

1.3E-02

2. IE-03

3.9E-03

4.3E-04

1.4E-02

- Inqestion
Water Users

Ave

1.2E-01

2. IE-06

2.0E-03

1.2E-04

5.8E-04

1.3E-05

3.0E-04

- Inqestion
Water Users

Ave

7.9E-01

1.4E-05

1.3E-02

8.0E-04

3.9E-03

8.7E-05

2.0E-03

Groundwater -
Municipal

Max

1.4E-03

2.4E-06

4.6E-06

8.0E-07

1.4E-06

1.5E-07

4.9E-06

Groundwater -
Private Wel

Max

9.3E-03

1.6E-05

3. IE-05

5.3E-06

9.2E-06

l.OE-06

3.3E-05

Dermal Absorption
Water Users

Ave

1.4E-04

2.6E-09

4.6E-06

2.7E-07

1.4E-06

3. IE-08

6.5E-07

Dermal Absorption
1 Water Users

Ave

9.3E-04

1.7E-08

3. IE-05

1.8E-06

9.2E-06

2. IE-07

4.3E-06

Groundwater - Inhalation
Municipal Water Users

Max Ave

2.3C+00

1.2E-03

NA

NA

NA

NA

2.3E-01

1.3E-06

NA

NA

NA

NA

Groundwater - Inhalation
Private Well Water Users

Max_____Ave

' 1.5E+01* 1.5E+00

8.0E-03 8.7E-06

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
a Chronic hazard indices were not calculated for trespassers and construction workers (subchronic exposure).

Also, chronic hazard indices were calculated only for compounds not carcinogenic under indicated exposure
pathways.

NA - Not applicable



Chemical

Vinyl Chloride

Trichloroethylene

bis(2-ethylhexyl)
phthalate

Polynuclear aromatic
hydrocarbons

Polychlorinated
biphenyls

Arsenic

TABLE 46
CANCER RISKS

Soil - Inqestion
Trespassers

Max

ND

7.2E-10

3.6E-08

Ave

ND

8.6E-11

7. IE-10

Construction Workers
Max

1.9E-08

9.4E-07

2.0E-06

Ave

1.9E-08

8. IE-10

L^E-09

Soil - Dermal Absorption
Trespassers

Max

ND

l.OE-07

5.3E-06

Ave

ND

1.2E-08

JUOE-07

Construction Workers
Max

1. IE-06

5.4E-05

% !JÊ fl42

Ave

1. IE-06

4.7E-08

3_̂ E-07

5.6E-04| 2.1E-03f i.2E-02|

4.3E-06 2.6E-06 1.8E-05 1.8E-05 f|.3€-04f 3.8E-Of 1.IE-03 f 1.IE-03 f

5.6E-06 2.3E-06 6.7E-05 1.7E-05 8.3E-06 3.4E-06 3.8E-05 9.7E-06

Chemical

Vinyl Chloride

Trichloroethylene

bis(2-ethylhexyl)
phthalate

Polynuclear aromatic
hydrocarbons

Polychlorinated
biphenyls

Arsenic

NA - Not applicable
ND - Not detected

Groundwater - Inqestion
Municipal Water Users

Max_____Ave

*2.ZE-03! 2.3E-05

4.5E-05 6.9E-08

3.6E-07 4.6E-08

ND

ND

ND

ND

1.8E-05 2.3E-06

Groundwater - Dermal Absorption
Municipal Water Users

Max Ave

2.5E-06

5.5E-08

8.5E-10

ND

ND

4.IE-08

2.8E-08

8.5E-11

1-lE-iQ

ND

ND

5.4E-09

Groundwater - Inhalation
Municipal Water Users

Max_____Ave

5,3E-04f 5.9E-06

I.IE-04 1.6E-Q8

NA NA

NA

NA

NA

NA

NA



TABLE 46
(continued)

CANCER RISKS

Chemical

Vinyl Chloride

Trichloroethylene

bis(Z-ethylhexyl)
phthalate

Polynuclear aromatic
hydrocarbons

Polychlorinated
biphenyl s

Groundwater - Inqestion
Private Well Water Users

Max_____Ave

1

4.6E-07

3.IE-07

ND

ND

2.4E-06

ND

NO

Groundwater - Dermal Absorption
Private Well Uater Users

Max_____Ave

1.7E-05

3.7E-07

4.3E-09

ND

ND

1.8E-07

5.6E-10

3.6E-10

ND

ND

Groundwater - Inhalation
Private Well Water Users

Max_____Ave

f9.5C-03f 3.9E-05

7.3E-04 1-IE-06

NA NA

NA

NA

NA

NA

Arsenic 1-6E-05 2.8E-07 3.6E-08 NA NA



TABLE 47

MAXIMUM (M) AND AVERAGE (A) SUBCHRONIC HAZARD INDICES (>0.01)
FOR NON-CARCINOGENIC EFFECTS

Environmental Medium
(Receptors) _____

Current Site Conditions

Pathway

.

(Trespassers)
»DermaV
t

Ingestion

Indicator
Chemical

bis(2-ethylhexyl)
phthalate

Polychlorinated
Biphenyls

Cadmium

Chromium
(total)

Zinc

Cyanide,
total

Cadmium

Chromium

Zinc

Cyanide,
total

Hazard
Index

0.019(M)

0.27(M)
0.16(A)

0.34(M)

0.05(M)

0.075(M)

2.3 (M)
0.031(A)

0.22(M)

0.035(M)

0.05(M)

0.016(M)

Pathway
Hazard
Index

0.19(A)

0.32(M)



TABLE 47
(continued)

Environmental Medium
(Receptors) ___

Future Site Conditions

Sroun<Jwit«r *
(Mufl1cip«>

Pathway

Dermal
absorption

Wftt*

Indicator
Chemical

Vinyl Chloride

Hazard
Index

0.94(M)

1,2-Dichloroethene 0.12(M)
0.012(A)

Trichloroethene 0.15(M)

-- none identified

Vinyl Chloride

1,2-dichloroethene

Trichloroethene

Vinyl Chloride

1,2-Dichloroethene
(total)

Trichloroethene

Toluene

Cadmium

0.02(A)

0.28(M)
0.028(A)

0.31(M)

6.3(M)
0.065(A)

0.8(M)
0.08(A)

l.O(M)

O.Oll(M)

0.013(M)
0.013(A)

Pathway
Hazard
Index

!oi2(Af

f
0.048(A)

0.16(A)

Arsenic 0.066(M)



TABLE 47
(continued)

Environmental Medium
(Receptors)___ Pathway

Dermal
absorption

Soil*

Ingestion

Indicator
Chemical

Cyanide,
total

Hazard
Index

Pathway
Hazard
Index

0.014(M)

-- none identified --

Vinyl Chloride

1,2-Dichloroethene
(total)

Trichloroethene

1,2-Dichloroethene

Trichloroethene

bis(2-ethylhexyl)
phthalate

Polychlorinated
Biphenyls

Cadmium

Arsenic

Cyanide,
total

Cadmium

Nickel

12.0(M)
0.13(A)

0 .19(A)

2 . 1 ( M )

0 . 0 6 2 ( M )

0.18(M)

0.42(M)

0.47(M)
0.47(A)

0.13(M)

0 .021(M)

0.33(M)
0.036(A)

0 . 2 2 ( M )

0 .015 (M)

HHMHter
T32(AT

0.51(A)

0.30(M)



Environmental Medium
(Receptors) Pathway

TABLE 47
(continued)

Indicator
Chemical

Chromium

Arsenic

Zinc

Hazard
Index

0.013(M)

0.037(M)

0.016(M)

Pathway
Hazard
Index



TABLE 48

MAXIMUM (M) AND AVERAGE (A) CHRONIC HAZARD INDICES (>0.01)
FOR NON-CARCINOGENIC EFFECTS

Environmental Medium
(Receptors)_____

Current Site Conditions

Surface Soils
(Trespassers)

Pathway

Dermal
Absorption

Ingestion

Indicator
Chemical

Hazard
Index
00.01:

-- not applicable -

-- not applicable -

Pathway
Hazard
Index

Future Site Conditions

"GrotiMlwat«r *
(Muntcipil nattr users) '

Private M»U «*t«r

{npntio*

Dermal
absorption

Toluene

Cadmium

Dermal
absorption

1,2-Dichloroethene 1.2 (M)
0.12(A)

1.2
0.12(A)

-- none identified --

1,2-Dichloroethene

1,2-Dichloroethene

2.3 (M)
0 . 2 3 ( A )

7.9 (M)
0 . 7 9 ( A )

§2.3 (M)
0 . 2 3 ( A )

* 7.93<J$£
0.80 (A)

0.014(M)

0.013(M)
0.013(A)

-- none identified --

1,2-Dichloroethene 15.0(M)



TABLE 48
(continued)

Environmental Medium
(Receptors) Pathway

Soils Dermal
(Construction Workers) absorption

Hazard Pathway
Indicator Index Hazard
Chemical (>0.01) Index

-- not applicable --

Ingestion -- not applicable --



TABLE 49

ESTIMATED LIFETIME CANCER RISK (>1Q-7) ASSOCIATED WITH
MAXIMUM (M) AND AVERAGE (A) EXPOSURES TO CARCINOGENS FOR

EXPOSURE PATHWAY OF CONCERN AT THE WRR SITE

Environmental Medium
(Receptors)_____

Current Site Conditions

Pathway
Indicator
Chemical

Trichloroethene

bis(2-ethylhexyl
phthalate

PAHs

PCBs

Arsenic

PAHs

PCBs

Arsenic

Cancer Risk
>1Q-7

1.0E-07(M)

5.3E-06(M)
1.0E-07(A)

2.1E-02(M)
2.1E-02(A)

6.3E-04(M)
3.8E-04(A)

8.3E-06(M)
3.4E-06(A)

1.4E-04(M)
1.4E-04(A)

4.3E-06(M)
2.6E-06(A)

5.6E-06(M)
2.3E-06(A)

Pathway
Risk



TABLE 49
(continued)

Environmental Medium
(Receptors)_____

Future Site Conditions

Pathway

Dermal
absorption

Dermal
Absorption

Indicator
Chemical

Vinyl Chloride

Trichloroethene

bis(2-ethylhexyl)
phthalate

Arsenic

Vinyl Chloride

Vinyl Chloride

Trichloroethene

Vinyl Chloride

Trichloroethene

bis(2-ethylhexyl)
phthalate

Arsenic

Vinyl Chloride

Cancer Risk Pathway
>!Q-7 Risk

2.2E-03(M)
2.2E-05(A) 2.4E-05(A)

4.5E-05(M)

3.6E-07(M)

1.8E-05(M)
2.3E-06(A)

2.5E-06(M) 2.5E-06(M)

5.3E-04(M)
5.9E-06(A) 5.9E-06(A)

1.1E-04(H)

1.5E-02(M)
1.5E-04(A)

3.0E-04(M)
4.6E-07(A)

2.4E-06(M)
2-lE-07(A)

1.2E-04(M)
1.6E-05(A)

1.7E-05(M) 1.8E-05(M)
1.8E-07(A) 1.8E-07(A)

Trichloroethene 3.7E-07(M)



Environmental Medium
(Receptors) Pathway

TABLE 49
(continued)

Indicator
Chemical

Cancer Risk
>1(T7

Pathway
Risk

Arsenic

Vinyl Chloride

Trichloroethene

Vinyl Chloride

Trichloroethene

bis(2-ethylhexyl)
phthalate

PAHs

PCBs

Arsenic

Trichloroethene

bis(Z-ethylhexyl)

PAHs

PCBs

Arsenic

2.8E-07(M)

3.5E-03(M)
3.9E-05(A)

7.3E-04(M)
1.1E-06(A)

1.1E-06(M)
1.1E-06(A)

5.4E-05(M)

1.2E-04(M)
3.2E-07(A)

5.2E-02(M)
3.2E-02(A)

1.1E-03(M)
1.1E-03(A)

3.8E-05(M)
9.7E-06(A)

9.4E-07(M)

2.0E-06(M)

8.7E-04(M)
5.6E-04(A)

1.8E-05(M)
1.8E-05(A)

6.7E-05(M)
1.7E-05(A)

4.0E-05

i... .*» **'



TABLE 50

MAXIMUM AND MEAN CONCENTRATIONS FOR VOLATILES DETECTED IN GROUNDWATER
COMPARED TO EPA MAXIMUM CONTAMINANT LEVEL (MCL) FOR DRINKING WATER

Compound(1)

Round 1

Vinyl Chloride(3)
Trichloroethene(4)

Maximum
Concentration

(uq/L)

5,500
18,000

Mean
Concentration

(UQ/Ll

56
18,000

Maximum Contaminant
Level(2)
(uq/Ll

2
5

Round 2

Vinyl Chloride(5) 2,800
l,l-Dichloroethene(6) 92.0
1,1,1-Trichloroethane 11.0
Tr1chloroethene(7) 25,000
Benzene(S) 7.0

36
31
2
38
3

2
7

200
5
5

(1) Does not include non-detects or compounds for which Drinking Water MCL's
do not exist.

(2) EPA Maximum Contaminant Level Criteria for Drinking Water supply.

(3) 7 monitoring well samples exceeded MCL (Vinyl Chloride): MW-1S, MW-3S,
MW-4S, MW-10S, MW-11S, MW-83A(S), MW-83(D).

(4) 1 monitoring well sample exceeded MCL (Trichloroethene): MW-9S.

(5) 11 monitoring well samples exceeded MCL (Vinyl Chloride): MW-1S, MW-3S,
MW-4S, MW-8S, MW-9S, MW-10S, MU-11S, MW-12S, MW-14S, MW-83A(D), MW-83A(S).

(6) 3 monitoring well samples exceeded MCL (1,1-Dichloroethene): MW-3S, MW-9S,
MW-10S.

(7) 1 monitoring well sample exceeded MCL (Trichloroethene): MW-9S.

(8) 1 monitoring well sample exceeded MCL (Benzene): MW-10S.



TABLE 51

MAXIMUM AND MEAN CONCENTRATIONS FOR ELEMENTS DETECTED IN GROUNDWATER
COMPARED TO ERA MAXIMUM CONTAMINANT LEVELS

Elemental

Round 1

Arsenic
Cadmium
Chromium, total
Lead

Maximum
Concentration

(ua/L)

57.1(3)
5.0
17.0
12.0

Mean
Concentration

(ua/Ll

7
5
17
12

Maximum
Contaminant Level(2)

(uq/L)

50
10
50
50

Round 2

Arsenic
Chromium,
Lead
Selenium
Silver

total
23.4
6.9
2.3
2.2
4.1

7
7
2
2
4

50
50
50
10
50

(1) Does not include non-detects or elements for which drinking water quality
criteria do not exist.

(2) Environmental Protection Agency Maximum Contaminant Level (MCL) for
drinking water.

(3) Monitoring Well - 83D (only sample to exceed MCL).

Note: Arsenic was the only element detected in Municipal or Private Water
Supply Wells for which EPA MCL's exist (max - 8.6, mean - 7, MCL - 50).



TABLE 52

MAXIMUM AND MEAN CONCENTRATIONS DETECTED IN SURFACE WATER SAMPLES
COMPARED TO EPA AMBIENT WATER QUALITY CRITERIA (AWQC)

Maximum Mean AWQC AWQC
Concentration Concentration Human Aquatic Life

Compound(1) (ua/Ll (uq/L) (uq/L) fuq/Ll

Volatiles

Methylene Chloride* 6 6 0.19(2) 193,000(3)
trans-l,2-Dichloroethene 1,600 8 --- 135,000(3)

Semi-Volatiles

Diethylphthalate 0.6 0.1 350,000(4) 52,100(3)
Di-n-butylphthalate 0.2 0.2 34,000(4) 940(3)
bis(2-ethylhexyl)phthalate 0.6 0.6 15,000(4) 270(3)

(1) Does not include non-detects or compounds for which Ambient Water Quality
Criteria do not exist.

(2) Ambient Water Quality Criteria (AWQC) for carcinogenicity protection
(incremental increased lifetime cancer risk of 10'°) in humans ingesting
water and organisms.

(3) Ambient Water Quality Criteria (AWQC) for protection of aquatic life
(lowest reported toxic concentration, acute).

(4) Ambient Water Quality Criteria (AWQC) for protection of humans ingesting
water and organisms, for toxicity protection.

* SW-10 only location to exceed AWQC (Methylene Chloride) for humans.


